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DEDICATION 


After being the major driving force 
for almost two decades in seeing that each 
issue of this journal comes to fruition, Fran- 
goise Ardré relinquished her editorial duties 
at the end of 1995. Under her stewardship 
the journal has flourished and has been a 
venue for the dissemination of phycological 
literature by a cadre of international scien- 
tists. With a single-minded dedication, Fran- 
çoise Ardré has been the journal’s heart and 
soul, sustaining it with her own deep-seated 
commitment to phycology. She has also 
infused into the running of the journal her 
own distinctive personality and enthusiasm. 

Despite the great deal of time 
expended in editing this journal, Dr Ardré 
has managed to carry out her own research 
program, steadily publishing incisive papers 
over the years. Her initial “magnus opus”, 
which was published in 1970, was her study 
of the morphology and systematics of the 
benthic marine algal flora of Portugal. This, 
her Docteur és Sciences research, included 

i not just the usual three divisions of reds, 

ae E E browns, and greens but also the Cyanobacte- 

ria, Her mentors were Marius Chadefaud 

and Jean Feldmann. She also sought out the help of other contemporaries including Mme 

M. Lemoine, R. Lami, P. Bourrelly, and M. Denizot. This first major paper was followed 

by her account in 1971 of the ecology of this same flora, in which the vertical and 

horizontal distributions of numerous taxa of marine algae were depicted. Such an 

exhaustive investigation is the result of a tremendous amount of field work and careful 
observation over a long period of time. 

Other areas of research carried out by Dr Ardré have included her studies on the 
growth patterns and reproductive characteris in the rhodomelaceous genera Pterosipho- 
nia, Symphiocladia, and Aphanocladia and the ceramiaceous genera Centroceras and 
Ceramium. Her papers are always models of clarity reflecting her innate attention to detail 
and exactitude. 

Working out of the Biarritz laboratory, Dr Ardré established cultures of Schi- 
zymenia dubyi and demonstrated that carpospores from the foliose plants gave rise to 
crustose stages that could be identified as field-collected Haematocelis. She complemented 
this study with the isolation of tetraspores of Haematocelis rubens collected from the same 
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area and obtained similar crusts from which erect blades arose, which could be identified 
as S. dubyi. She also investigated the life histories of species of Gymnogongrus employing 
culture studies. Her research interests have been broad, and she has published on algae 
from various groups: Ulva, Grateloupia, Pelvetia, and Cyanobacteria. This rich bac- 
kground of research experience has put her in good stead to handle the diverse manus- 
cripts submitted to the journal. 

The Muséum National d'Histoire Naturelle (PC) on Rue Buffon in Paris is a both 
venerable and formidable place to visit. Yet visitors to the Laboratoire de Cryptogamie are 
immediately greeted by the warm personality of Francoise. Her charming, enthusiastic 
personality manifests itself to everyone, and her wonderful sense of humor crosses any 
language barrier. She typically expends much of her own time to facilitate each visitor. On 
first arriving, one quickly realizes that PC is not really a single consolidated collection but 
is comprised of several discrete herbaria, including the Thuret-Bornet Herbarium, the 
Sauvageau Herbarium, the Feldmann Herbarium, the Montagne Herbarium, etc., each 
maintained independently often because of the original terms of the bequest. Standing 
ready to help work through this maze is Frangoise Ardré, like a detective with a fistful of 
old keys, to unlock cabinets and drawers, to locate a particular collection. Visiting 
phycologists always marvel at her ability to ferret out that desired type specimen described 
by Bory de Saint-Vincent or Sirodot or Montagne or Bornet or Hariot. Thus, her services 
as a curator are also extremely appreciated by those who visit PC or those who request 
loans. 

With her artist husband Pierre, Frangoise is a gracious hostess in their apartment 
near Place de la Bastille. Both are spontaneous, full of wit and good cheer and with an 
infectious zest for life. We, her colleagues from around the world, are pleased to dedicate 
this issue and the next of Cryptogamie, Algologie, to Frangoise Ardré as a sign of our great 
admiration for her and our gratitude for her generous service in editing this journal. 


M. J. Wynne 
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PLATOMA ARDREANUM 
(SCHIZYMENIACEAE, GIGARTINALES) 
AND HALYMENIA CHIANGIANA 
(HALYMENIACEAE, HALYMENIALES), 
TWO NEW SPECIES OF PROLIFEROUS, 
FOLIOSE RED ALGAE FROM THE HAWAIIAN ISLANDS 


Gerald T. KRAFT!:? and Isabella A. ABBOTT! 


‘ Botany Department, University of Hawaii, 3190 Maile Way, Honolulu, Hawaii 96822, U.S.A. 
2 Present Address: School of Botany, University of Melbourne, Parkville, Victoria 3052, Australia 


ABSTRACT — Two superficially similar foliose algae with extensively ruffed surfaces are described 
as new species from the Hawaiian Islands. Platoma ardreanum Kraft et Abbott, sp. nov., is known 
from drift and shallow-subtidal reef flats and is the first central-Pacific member of its genus to be 
reliably reported, Plants are characterized by: 1) lobed to dentate non-stipitate blades anchored by 
one to several crustose holdfasts; 2) numerous “calluses” along lower blade margins; 3) conspicuous 
intercalary “gland” cells; 4) monoecious gametophytes; spermatangia borne in patches on outer- 
cortical mother cells; 5) 3(-4)-celled carpogonial branches, the basal cell of which often bears a l-or 
2-celled lateral; 6) supporting and epi-supporting cells that also bear 1- or 2-celled laterals; 7) the 
longitudinal division of the presumably fertilized carpogonium, each half of which forms a stout 
fusion to an epi-supporting cell; 8) the growth of one or more connecting-filament organizing cells 
and the subsequent production of multiple branched, septate connecting filaments from just one of 
the two contacted epi-supporting cells; 9) the septation of the connecting filament at its point of 
contact to the lateral surface of the auxiliary cell and the ongrowth of the connecting filament to effect 
further diploidizations; and 10) non-ostiolate cystocarps. Features of the new species are compared to 
those of the closest apparent relative, Platoma izunosimensis Segawa, from southern Japan. 

Halymenia chiangiana Abbott et Kraft, sp. nov., known from drift and rare attached 
collections, is characterized by: 1) extensively ruffled and lobed blade surfaces and margins; 2) a 
filamentous medulla with stellate inner cortical cells and frequent refractive “ganglioid” medullary 
cells; 3) occasional medullary filaments that traverse the medulla to link the opposite inner cortexes; 
4) more-or-less flattened auxiliary-cell ampullae composed of sparingly branched filaments that 
surround the base of an ostiole formed prior to diploidization of the intercalary auxiliary cell; 
5) gonimoblasts developing on auxiliary cells that fuse not at all or only slightly with adjoining 
ampullar cells; and 6) tetrasporangia immersed in a modified cortex of anticlinal filaments. Compa- 
rison is made to previously described Halymenia species from the western Pacific. 








RESUME — Deux algues foliacées, trés semblables d’aspect au premier coup d’oeil et toutes deux 
présentant une surface très frippée, sont décrites comme espèces nouvelles des iles Hawai. Platoma 
ardreanum Kraft et Abbott, sp. nov., est connu en épave et de plateaux récifaux infralittoraux peu 
profonds. C’est la première fois qu'un membre de ce genre est signalé de manière fiable pour la région 
centre-Pacifique. Les thalles sont caractérisés par: 1) des lames lobées à dentées, dépourvues de stipe 
et fixées par une ou plusieurs bases en forme de croûte ; 2) de nombreux «cals » le long des marges 
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inférieures des lames ; 3) des cellules « glandulaires » intercalaires caractéristiques ; 4) des gaméto- 
phytes monoiques ; des spermatocystes en amas provenant d’une cellule-mére corticale externe ; 5) un 
rameau carpogonial constitué de 3(-4) cellules et dont la cellule basale porte souvent des rameaux 
latéraux constitués d'une ou deux cellules ; 6) la cellule support et les cellules situées juste au-dessus 
de celle-ci (epi-supporting cells) portant souvent aussi de tels rameaux : 7) la division longitudinale du 
carpogone supposé fécondé dont chaque moitié fusionne solidement avec une epi-supporting cells : 
8) la croissance d'une ou plusieurs cellules productrices de filaments de jonction et la production qui 
en résulte de filaments de jonctions cloisonnés et plusieurs fois ramifiés, à partir de seulement d'une ou 
des deux epi-supporting cells contactées ; 9) le cloisonnement du filament de jonction à son point de 
contact avec la surface latérale de la cellule auxiliaire et l'extension du filament de jonction qui 
permettra d'effectuer des diploïdisations supplémentaires ; 10) des cystocarpes sans ostiole, Les 
Caractéristiques de la nouvelle espèce sont comparées à celles de l'espèce apparemment la plus proche: 
Platoma izunosimensis Segawa du sud du Japon. 

Halymenia chiangiana Abbott et Kraft, sp. nov., connu en épave et de quelques rares récoltes 
en place, est caractérisé par 1) des lames lobées à la surface et aux marges très frippées : 2) une moelle 
filamenteuse avec des cellules corticales internes étoilées et des cellules médullaires « glanglioïdes » 
réfringentes fréquentes ; 3) des filaments médullaires occasionnels traversant la moelle pour relier les 
deux parties opposées du cortex interne ; 4) une cellule auxiliaire plus où moins aplatie, dans 
lampulla, cette dernière composée de filaments peu ramifiés qui entourent une ostiole formée avant la 
diploïdisation de la cellule auxiliaire intercalaire ; 5) des gonimoblastes se développant sur des cellules 
auxiliaires qui ne fusionnent que légèrement ou pas du tout avec les cellules adjacentes de l'ampulla ; 
6) enfin, par des tétrasporocystes enfoncés dans un cortex modifié, formé par des filaments anticli- 


naux, Cette espèce nouvelle est comparée aux autres espèces du genre Halymenia décrites du Pacifique 
occidental. (Traduit par la Rédaction) 











KEY WORDS: marine algae, Rhodophyta, Gigartinales, Nemastomataceae, Schizymeniaceae, 
Halymenia, H. chiangiana, Platoma, P. ardreanum, Hawaiian Islands, taxonomy, new species, 


INTRODUCTION 


Two marine species of superficially similar habit have been recognized during 
preparation by one of us (IAA) of a comprehensive Hawaiian red-algal flora. Internal 
anatomy shows them to be undescribed representatives of separate families and orders 
and to exemplify important reproductive features distinctive of their respective genera. 
Although these algae have been only infrequently collected, they are attractive plants that 
can reach substantial dimensions. 

The first species that we describe, Platoma ardreanum Kraft et Abbott, Sp: nov., 
has been known for several years and provisionally treated as a member of the Nemasto- 
mataceae, a family of the Gigartinales for the most part infrequently recorded from 
tropical regions (Kraft & John, 1976; Kraft, 1984). 

Members of the Nemastomataceae ' have been considered by some writers to be 
among the least vegetatively and reproductively specialized members of the order Gigar- 
tinales (Kylin, 1932, 1956; Kraft, 1975, 1981). This conclusion is largely based on the fact 
that fronds internally consist of laxly organized, strictly di- or trichotomous filaments 
lacking secondary pit-connections between cells (the genus Schizymenia being the sole 
exception on both counts), as well as carposporophytes that are embedded, compact 
structures in which virtually every cell differentiates into a carposporangium. Kraft (1981) 
argued for the relatively primitive state of this non-procarpic family, not just within the 


1. Also referred to as the Nemastomaceae or Gymnophloeaceae. 
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Gigartinales but the Florideophycideae as a whole, partly on the grounds that single 
fertilizations, which seem to be rare events in many species, tend to vastly multiply their 
effects through the production of large numbers of connecting filaments and the sequen- 
tial diploidization of many auxiliary cells, resulting in numerous gonimoblasts that may be 
dispersed widely throughout the gametophyte. These phenomena stood in seeming 
contrast to the one-to-one correlation of fertilizations to carposporophytes that take place 
in procarpic families, particularly the Ceramiales. We now know from investigations of 
gene sequences (Ragan et al., 1994; Freshwater et al., 1994; Saunders & Kraft, 1996, 
submitted) that the evolutionary picture of florideophycidean orders and families does not 
correlate very well with any particular type of carposporophyte structure, although 
the genus Schizymenia appears to occupy a position near the base of the gigartinalean 
clade. 

The image painted by Kraft (1981) of the Nemastomataceae as a group of 
closely allied genera that for the most part has retained its primitive characters from 
precursors in deep, warm-water habitats was demonstrably wrong even as those specula- 
tions were made, Overlooked entirely was the classic work of Berthold (1884, p. 12, 22 
pl. 6, figs 2,3,5,8) showing that carpogonia in Platoma cyclocolpum (Montagne) Schmitz 
(as Nemastoma cervicorne J, Agardh) first fuse with adjacent nutritive auxiliary cells before 
connecting filaments are issued, and that both carpogonial branches and auxiliary cells in 
Nemastoma dichotoma J. Agardh are produced on/in adventitious rhizoids rather than 
“normal” cortical filaments. Had this publication been more carefully heeded, Feldmann 
(1942), Kylin (1932, 1956) and Kraft & John (1976) would hardly have emphasized such 
relatively trivial features as the presence or absence of gland cells or of ostioles in their 
ill-grounded attempts to distinguish species of Nemastoma from those of Platoma. 

With reinvestigations of the respective type species Nemastoma dichotomum by 
Athanasiadis (1988) and Platoma cyclocolpum by Masuda & Guiry (1994), the defining 
features of these two very different genera have become clarified. The works of Ardré 
(1980), Itono (1984) and Masuda & Guiry (1994) have additionally demonstrated such 
significant differences between Schizymenia, Titanophora and Platoma and the rest of the 
Nemastomataceae that these three genera have now been removed to the separate family 
Schizymeniaceae by Masuda & Guiry (1994). Within the remaining Nemastomataceae, 
clearer understandings of reproductive processes and life-histories have been made the 
bases of the additional genera Tsengia (Fan & Fan, 1962) and Jtonoa (Masuda & Guiry, 
1995), although much remains to be determined about features of the bulk of the family’s 
actual species. Preliminary molecular data drawn from SSU gene sequences of species of 
Schizymenia, Platoma and Tsengia by G.W. Saunders (Saunders & Kraft, unpublished) 
suggest that not only are the members of the Schizymeniaceae far remoyed at the family 
level from those of the Nemastomataceae, but that these taxa probably belong to separate 
orders. Work in several labs is now being directed at determining the phylogenetic 
positions of the two groups. 

The critical study of the type species of Platoma by Masuda & Guiry (1994) has 
at long-last brought the welcome provision of sound criteria for inclusion in that genus, 
but it also imposes some stiff requirements for often-difficult observations of immediate 
post-fertilization events. Although only the type and one other of the nine described 
species have been shown to display the defining features of Platoma, for the first time 
investigations can now be directed with precision to confirming the generic status of 
“nemastomataceous” species. 

The distinctive Hawaiian frondose alga belonging to the Nemastomataceae/ 
Schizymeniaceae complex occurs sporadically in drift or on shallow reef flats in Hawaii. 
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Until now, we have lacked good criteria and critical stages for determining its true generic 
placement. With the assistance of Masuda & Guiry’s (1994) excellent study and success in 
finally locating critical post-fertilization stages, it is now possible to describe this entity as 
the first central-Pacific species of Platoma. 

The Hawaiian Islands are a voleanic chain located near the northern boundary 
of its tropical province. Their well-developed coral reefs, which occur on and intermixed 
with basaltic substrata, support the richest and most diverse marine macroalgal flora of 
any oceanic island group in the world, as demonstrated by recent monographic studies 
(Abbott, in press). Particularly well represented are species of liagoroids, Gelidiales, 
Gracilaria and Ceramiales, although those of the Nemastomatceae/Schizymeniaceae 
complex are comparatively rare. Apart from the new entity we describe below, the 
Nemastomataceae is represented only by two infrequently encountered species of Pre- 
daea, and the Schizymeniaceae by a single, rarely collected species of Titanophora. 

The second new species that we describe, Halymenia chiangiana Abbott & Kraft, 
sp. nov., has only recently come to light in drift and a single in situ reef-flat collection, 
although it is probably a populant of shallow reef flats that also host Platoma ardreanum, 
at least on Maui island. The genera of the Halymeniaceae are widespread from tropical to 
cold-temperate seas (Womersley & Lewis, 1994), with the greatest concentration being in 
Australia and the north-eastern Pacific (Lewis & Kraft, 1992), Long regarded as the type 
family of the order Cryptonemiales (either as it is designated today, the Halymeniaceae, or 
previously as the Grateloupiaceae (Kylin, 1956) or Cryptonemiaceae (Chiang, 1970)), the 
Halymeniaceae was incorporated into the Gigartinales by Kraft & Robins (1985) when 
they challenged the validity of the classical criteria by which the Cryptonemiales was 
defined, then was re-elevated as the type family of the order Halymeniales by Saunders & 
Kraft (1986) based on analyses of SSU-gene sequences. 

The Hawaiian Islands are relatively rich in members of the Halymeniaceae, 
where seven genera and fourteen species are recorded (Abbott, in press). Nevertheless, 
broadly foliose representatives are rare, most being (sub-)dichotomous to pinnate and 
narrowly linear. The species that we now describe differs from all others in the breadth and 


thickness of its fronds, and particularly in the profuse covering of ruffles, lobes and 
excrescences on the blade surfaces. 


Platoma ardreanum Kraft et Abbott, sp. nov. 





Plantae foliosae, orbiculatae ad profunde fissae, marginibus dentatis vel lobatis; 
paginis laminarum distalium projecturis acutis et obtusis late obductis. Laminae affixae per 
primarium crustaceum hapteron et aliquot secundaria haptera formata ad margines basales. 
Cortex moniliformis, numerosos intercalares glandicellula continens. Planta monoica, Sper- 
matangia in superficiaribus pannis, Rami carpogoniales tricellulares, cellula basalis plerum- 
que uni-vel bicellulari sterili laterali ramo. Cellulae fulcrantes, cellulae epi-fulcrantes et 
cellulae proxime portatae in cellulis epi-fulcrantibus unum vel plures cellulas steriles ante 
Jecundationem procreantes, cellulae laterales cellulis parentibus saepe conjungentes. Carpo- 
gonium post fecundationem oblique dimidiatum, ambo dimidia ad contiguam cellulam 
epi-fulerantem conjungentia, una ex quibus producit primas cellulas filorum eonjunctivorum 
ex quibus numerosa, ramosa, septata fila conjunctiva crescunt. Cellulae auxiliares interca- 
lares in fasciculo corticali separato, distinguibiles antequam recipiens nucleum diploideum. 
Nucleus diploideus in inferiore latere cellulae auxiliaris in loco conjunctionis filo conjunctivo 
iniens, filum conjunctivum tum dividens, crescens porro et peragrans, iterum atque iterum 
conjungens itidem et nucleum diploideum donans. Prima cellula gonimoblasti apicalis in 
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cellula auxilari, in duas primas cellulas gonimolobi dividens. Cystocarpia sine ostiolo, 
80-120 um diam., ex carposporangiis omnino constata. Tetrasporangia incognita. 


Diagnosis. Plants foliose, dentate or lobed at the margins, with mature surfaces extensively 
covered with narrowly to bluntly rounded projections. Blades sessile, attached by a 
primary crustose holdfast and several secondary holdfasts formed along the basal mar- 
gins. Wart-like calluses also formed along the basal margins of most specimens, Cortex 
moniliform, containing numerous intercalary gland cells. Plants monoecious (protan- 
drous). Spermatangia in superficial patches. Carpogonial branches 3(-4)-celled, the basal 
cell usually with a one- or two-celled sterile lateral branch. Supporting cells, epi- 
supporting cells and cells immediately borne on epi-supporting cells producing one or 
more sterile cells prior to fertilization, the lateral cells often fusing back onto their parent 
cells, Fertilized carpogonium dividing in two obliquely, both halves fusing to an adjacent 
epi-supporting cell, one of which produces connecting-filament initial cells from which 
grow numerous branched, septate connecting filaments. Auxiliary cells intercalary in 
separate cortical fascicles, distinguishable prior to receiving the diploid nucleus (diploidi- 
zation), Diploid nucleus entering on the lower side of the auxiliary cell at the point of 
fusion with the connecting filament, the connecting filament then dividing, growing 
onwards and effecting further diploidizations, Gonimoblast initials arising distally on 
auxiliary cells, dividing into two gonimolobe initials. Cystocarps non-ostiolate, 80-120 jm 
in diam. composed entirely of carposporangia. Tetrasporangia unknown, 


Etymology. This species is named in honor of Madame Professor Francoise Ardré, whose 
meticulous study of reproductive morphology and life history in Schizymenia dubyi 
(Ardré, 1980) is substantially responsible for the ultimate recognition of the Schizymenia- 
ceae as a distinct and separate family of the Gigartinales. The authors are joined in their 
admiration of Dr Ardré and their good wishes for her retirement years by Dr Karla 
McDermid, who prepared the Latin diagnosis. 





Holotype. MELU, A24,197 (Fig. 1), cystocarpic specimen collected on 28 January 1978 by 
G. and C. Kraft and K. Schlech. Isotypes and paratypes in BISH and MELU. 


Habitat. Most specimens are from drift, although ġn situ Maui collections came from a 
basaltic reef platform overlain by encrusting Corallinaceae at 1.5-2 m depths. 


Hawaiian distribution. 1) Oahu I.: ‘Ewa Beach, drift (G. & C. Kraft, K. Schlech, 26.xi.1977. 
MELU, A24189, 24191); (G. & C. Kraft, K. Schlech, 28.4.1978. MELU, A24190, 24192-94). 
2) Maui I. Ma'alaea, from a basalt groin near the sandy beach about 300 m east of the 
harbor at 1.5-2 m depths (L.M. Hodgson, 14.iv.1996, BISH, 1A22787); (GT. Kraft, 
28.v.1996. MELU, K10641). 


World distribution. Recorded only from the Hawaiian Islands. 





Vegetative structure. Plants are foliose, the largest broader than tall, 11 x 16.5 cm, 
250-500 um in thickness, and are initially anchored by a single, sessile, crustose holdfast, 
later by a series of holdfasts scattered along the basal margin. Hard, whitish “calluses” 1-2 
mm in diam. by 700-1000 pm in thickness and composed of dense aggregations of 
longitudinally aligned filaments are also present to some degree along the basal margins of 
most fronds (Figs 4, 5) but are not associated with the holdfasts. Blades are deep 
reddish-brown in color, entire and nearly orbicular when young, the margins lined by acute 
dentitions or blunt narrow lobes, the fronds becoming deeply incised and broadly lobed 
with maturity and tending to spread in two roughly equal “wings” from the central 
holdfast area (Figs 1, 2). Surfaces of the blades are smooth basally (Figs 2, 4) but at fairly 
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Fig. 1. Platoma ardreanum Kraft et Abbott sp. nov. Habit of the cystocarpic holotype specimen 
(MELU, A24,197), the blade sessile on two holdfast pads (arrows). Seale = 5 em. 


even distances from the holdfasts become covered distally with large numbers of blunt 
lobes and ruffles (Figs 1, 2, 5) that give the fronds soft, distinctively tripe-like textures and 
apearances. 

Medullary filaments are sparse in the central gelatinous matrix, mostly pericli- 
nally oriented, and consist of a mixture of primary filaments and rhizoids, most 2.5-3 um 
in diam., with occasional filaments 5-7(-13) pm wide composed of cells up to 200 um in 
length. The cortex is 60-100 jum deep and composed internally of repeatedly dichotomous, 
regularly spaced filaments (Fig. 6), the cells elongate and 10-22 um in length in the inner 
layers, ovoid and 4-10 um long in the outer layers. Spherical to obovate or obpyriform 
intercalary gland cells 12-20 um by 12-17 um are scattered and usually frequent in the 
cortex (Figs 6, 10), the contents staining preferentially in aniline blue. 





Reproduction. Plants are monoecious (protandrous), the spermatangia ovoid, 2-4 um in 
diam., and cut from mother cells occupying broad patches of the blade surfaces (Fig. 10). 
Carpogonial branches are three-(rarely 4)-celled and borne in the axils of inner cortical- 
filament dichotomies (Fig. 11), the basal cells usually bearing a one- (Fig. 12) or two-celled 
sterile lateral and often being conspicuously transversely elongate (Figs 11, 13). The 
supporting cell, the two cells immediately borne on the supporting cell (epi-supporting 
cells) and often the cells borne on the epi-supporting cells usually cut off a single lateral cell 
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Figs 2-4. Platoma ardreanum Kraft et Abbott sp. nov. Fig. 2. Habit of a large sterile specimen 
anchored by two closely positioned holdfasts (arrow) (MELU, A24,189). Scale = 5 cm. Figs 3, 4 
Habit of wet-preserved blades (MELU, K10641), 3. Clusters of blades and blade lobes adjacent to the 
basal holdfast (arrow). Scale = 10 mm. Fig. 4. Portion of the frond showing proximally smooth and 
distally ruffled blade, and the calluses (arrows) lining a lower margin. Scale = 5 mm. 
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Figs 5-9. Platoma ardreanum Kraft et Abbott sp. nov. Fig. 5. Detail of the calluses (arrows) borne 
along the lower margin of the blade in Fig. 4. Scale = 2 mm. Fig. 6. Frond trans-section showing 
“gland” cells (arrows) at the border between the lax medullary filaments and the anticlinal outer 
cortex. Scale = 50 um. Fig. 7. A carpogonial branch and carpogonium (arrowhead) flanked by 
epi-supporting cells (large arrows) on an inner cortical supporting cell. Cells on the epi-supporting 
cells bear 1- and 2-celled adventitious laterals (small arrows). Scale = 50 um. 

Fig. 8. Two carposporophytes, one borne on an auxiliary cell to which a remnant of the connecting 
filament (straight arrow) is attached, the other forcing a break in the cortex (curved arrow), 
presumably effecting spore release. Scale = 50 um. Fig. 9. A mature carposporophyte flanked by two 
slender involucral cells (small arrows), all three borne on an inner-cortical auxiliary cell (large arrow). 
Scale =50 um. 
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Figs 10-13. Platoma ardreanum Kraft et Abbott sp. nov. Fig. 10. Spermatangia (stippled) borne in 
pairs and threes on surface mother cells of a cortex segment that contains an intercalary gland cell 
(starred). Fig. 11. A carpogonial-branch primordium (curved arrow) and a mature carpogonial 
branch, the latter with a basal cell bearing a two-celled lateral (straight arrow). The supporting cell 
and epi-supporting cells also bear single-celled laterals. Fig. 12. An immature carpogonial branch 
with a single-celled lateral on the basal cell (straight arrow) and flanked by epi-supporting cells, on 
one of which the single-celled lateral is fusing back (curved arrow). Fig. 13. A three-celled carpogonial 
branch composed of transversely elongate basal and hypogynous cells, the basal cell bearing a 
two-celled lateral (straight arrows). The single-celled lateral on the supporting cell is fusing back onto 
it (curved arrow), and cells distal to the supporting cell bear 1- and 2-celled laterals. 
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Figs 14-16. Platoma ardreanum Kraft et Abbott sp. nov. Fig. 14. A series of connecting-filament initial 
cells (bent arrow) issuing large numbers of connecting filaments (stippled) and borne on the distal end 
of an epi-supporting cell attached (coarse straight arrow) to a derivative of the apparently obliquely 
divided (thinner straight arrow) fertilized carpogonium. The remainder of the carpogonium is fused 
(curved arrow) to the other epi-supporting cell, which has not initiated connecting filaments. Fig. 15. 
An epi-supporting cell bearing a connecting-filament initial cell (arrow) and large numbers of 
connecting filaments (stippled). Fig. 16. The oblique first division of the gonimoblast initial (straight 
arrow) on a generative auxiliary cell to which remnants of a septate connecting filament (curved 
arrow) are laterally attached. 
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(occasionally chains of two lateral cells) that may (Figs 12, 13) or may not (Figs 12-14) fuse 
back onto the parental cells before or after fertilization. Immediate post-fertilization 
events were not seen, but large numbers of branched, septate connecting filaments 
from one or more connecting-filament organizing cells borne at the distal end of one of the 
two epi-supporting cells (Figs 14, 15). lt appears that the fertilized carpogonium divides in 
two obliquely (Fig. 14), with each derivative fusing to the most closely adjacent epi- 
supporting cell. In the one complete post-fertilization stage observed (Fig. 14), only the 
epi-supporting cell connected to the half of the divided carpogonium to which remnants 
of the trichogyne were attached gave rise to cells from which connecting cells issued, the 
other epi-supporting cell seemingly being dormant or perhaps retarded in the production 
of connecting filaments despite its clear fusion with a carpogonium-derivative cell, 

Auxiliary cells are intercalary in inner cortical filaments, swollen and dark- 
staining before diploidization. Diploidization is achieved by lateral fusion to a connecting 
filament, which then divides just distal to its point of fusion and grows on to effect 
presumable further diploidizations (Fig. 16). The gonimoblast initial is apical on the 
auxiliary cell, the first division of the initial being oblique (Fig. 16). Cystocarps are 
80-120 jim in diam. and are generally composed of two distinct gonimolobes with syn- 
chronously maturing carposporangia (Fig, 8). Carposporangia are cuboidal, rectilinear or 
angular, 12-15 by 10-12 um. The cystocarps are subtended by elongate but otherwise 
little-modified cortical filaments (Fig. 9) and are non-ostiolate, the cortex above the 
carposporophyte spreading and finally rupturing as the gonimolobes develop outwardly 
(Figs 8, 9). Tetrasporophytes are unknown, 





DISCUSSION 


The closest seeming relative of Platoma ardreanum is P. izunosimensis Segawa 
(1938) from southern Japan, the two species being similar in habit although the Japanese 
representative is not recorded as having the distinctive calluses, the same degree of blade 
ruffling, or the dentate to narrowly proliferous margins of the Hawaiian collections 
(Segawa, 1938, pl. 35; Itono, 1984, pls 6, 7). Detailed descriptions of the anatomy and 
reproductive processes in  izunosimensis were made in an unpublished monograph of 
Japanese Gigartinales by Itono (1984), who did not depict sterile laterals on either the 
basal cells of the carpogonial branches or the supporting cells (Itono, 1984, figs 8A, E). 
Ttono demonstrated (1984, figs 8C, D) that following fertilization the carpogonium does 
not divide in two, but fuses directly with one of the epi-supporting cells and becomes 
secondarily pit-connected (presumably via the cutting off of a connecting cell) to the other, 
with both nutritive auxiliary cells issuing multiple connecting filaments from subisodia- 
metric “connecting-filament initial” cells (sensu Masuda & Guiry, 1984, figs 11-13), Ardré 
(1980, pl. 1, figs 5, 6) illustrates a virtually identical process in Schizymenia, both Ardré 
(1980, pl. 1, fig. 6; pl. 2, fig. 12) and Itono (1984, fig. 8D) documenting connecting 
filaments that issue from both epi-supporting cells. Itono (1984, fig. 8D) additionally 
shows that connecting filaments can also arise from a cell distal to one of the two 
epi-supporting cells, to which the carpogonium may in fact also be directly fused. Titano- 
phora (Itono 1984), as well as Platoma, shows comparable post-fertilization processes, 
which constitute the major defining features of the family Schizymeniaceae as established 
by Masuda & Guiry (1995). 

The undoubtedly elaborate sequence of events that leads to connecting-filament 
production in Platoma ardreanum thus appears to yield a somewhat different result from 
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those documented in the few other species of Schizymeniaceae studied to date. The 
oblique division of the carpogonium and the direct fusion of both halves with nutritive 
auxiliary cells, as well as the seeming restriction of connecting-filament initial cells to only 
one of the two nutritive auxiliary cells, set the Hawaiian species apart. These features have 
been seen only twice in our slide preparations, however, and it is therefore not known how 
consistent these post-fertilization phenomena are. Such questions remain unanswered for 
all Schizymeniaceae. 

Where the Hawaiian species fits phylogenetically is pure speculation at the 
moment in the absence of comparative molecular data, although Masuda & Guiry’s 
(1994) depiction of the European type species as lacking any sterile cells on the carpogo- 
nial branch, supporting cell or epi-supporting cells may indicate that it is a more recently 
evolved entity than the two subtropical-Pacific species. In terms of the abundance of 
sterile cells in the carpogonial apparatus of P. ardreanum, the illustrations of Ardré (1980, 
pl. |, figs 3-5) showing sterile cells/filaments on the basal and supporting cells of the type 
species of Schizymenia suggest that Schizymenia is more like Platoma ardreanum in this 
regard than are either P cyclocolpum or P. izunosimensis. Sterile cells and filaments may 
thus have relevance in characterizing species but not great import at the genus level. 

Platoma ardreanum joins P. cyclocolpum and P. izunosimensis in displaying the 
vegetative and reproductive criteria advanced by Masuda & Guiry (1994) for defining 
membership in Platoma, including the conspicuous intercalary gland cells and nutritive 
auxiliary cells. With this suite of characters now so firmly confirmed in the three best- 
studied members of the genus, anomalous species should now be critically re-examined. 
As pointed out by Masuda & Guiry (1995), these include P. abbottiana Norris & Bucher 
(1977) and P fanii Dawson (1961), P foliosum Womersley & Kraft (1994) and P. australi- 
cum Womersley et Kraft (1994), all of which lack gland cells and and are not definitely 
known to possess nutritive auxiliary cells. 





Halymenia chiangiana Abbott et Kraft, sp. nov. 





Plantae foliosae. Hapteron est tumulus incrassatus texturae cartilagineae, instar 
pedis equini. Stipes 1.5 cm longus, circa 0.5 cm crassus. Laminae colore sturato lateritio, 
consistencia solida, usque 10 cm longae et 3.5-5.5 cm late, integerae vel fere pariter bilobatae, 
Jimbriis 2-2.5 cm profundis, crenatis, et magis divisis, raro plus quam 1 cm latis, paginis 
laminae acutis et obtusis projecturis. Sectio transversalis 180-250 um crassa; cortex 
35-40 um crassus, e stratis quattuor ad sex constans, cellulis omnium stratorum praeter 
stratum superficiale duas vel tres fila corticalis ferenti, cellulis interioribus corticis minus 
quam 8 um latis, terminalibus cellulis elongatis et 2-3 um diam., 3-4-plo longioribus quam 
latioribus; subcortex compactus ex angularibus et lobatis cellulis conjunctionibus secundari 
constatus; medulla laxe filamentosa, ganglioneis cellulis refractivis et dispersis, branchiis 
longis (tot quot 8) ad contiguas ganglioneas vel non-ganglioneas cellulas connexis; fila 
medullosa anticlinata pauca, ex altero cortice interiore ad alterum currentia, cellulis 2.5- 
6 um diam., diametro 3-4-plo longioribus. Ampullae carpogonil angustae, parce ramosae; 
ampullae cellulae auxiliarium plus fruticosae, generaliter latas ad apicem, ostiolum distinc- 
tum subtentes, cellula auxiliari intercalari in primario vel secundario filo ampullae. Filum 
conjunctivium ad cellulam auxiliarem conjunctionem lateralem faciens et non crecens porro. 
Cystocarpia circa 125 um ex duolbus vel pluribus gonimolobis maturescentibus invicem 
constata, cellula auxiliari cum continguis cellulis ampullae non conjugenti lateraliter. Tetras- 
porangia cruciatim divisa, ovoidea, 10-13 um diam., 17-25 um longitudine, ad cellulas 
interiores corticis basaliter afixa et inter modificata fila anticlinata dispersa. 
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Plants foliose. Holdfast single, tenacious, shaped like a wooden peg or horse's 
foot. Stipe to 1.5 cm high, about 5 mm thick, Blades deep brick-red in color, firm in texture, 
to 10cm in length by 3.5-5.5 cm in width, entire or divided between two nearly equal lobes, 
the margins incised to 2-2.5 cm deep, crenate and further divided, the proliferations rarely 
> 1cm broad, the blade surfaces densely covered with pointed to blunt projections. 
Cross-sections 180-250 pm thick; cortex 35-40 jm thick, 4-6-layered, the cells of all but 
the surface layer each subtending 2-3 cortical filaments; inner cells of cortex <8 jum broad, 
the terminal cells elongate and 2-3 jim in diam., 3-4 times longer than wide; sub-cortex a 
mixture of delicate periclinal filaments and rounded cells that produce the filaments, the 
medulla laxly filamentous and with scattered, refractive ganglioid cells with as many as 8 
long arms connecting to contiguous ganglioid or non-ganglioid cells; anticlinal medullary 
filaments few, extending across the medulla from one inner cortex to the other, the cells 
2.5-6 um in diam., length: width ratios 3-4:1. Carpogonial ampullae narrow, sparing- 
ly branched; auxiliary-cell ampullae bushier, generally broad across the top and subten- 
ding a distinct ostiole, the auxiliary cell intercalary in the primary or a secondary ampullar 
filament. Connecting filaments making a lateral contact to the auxiliary cell and not 
growing on to eflect further diploidizations. Cystocarps ca. 125 um in diam., composed of 
two or more successively maturing gonimolobes to 75 jum in diam., the auxiliary cell not 
fusing laterally with adjacent ampullar cells. Tetrasporangia cruciately divided, ovoid, 
10-13 um wide by 17-25 jm in length, ba: lly attached to inner cells of the cortex and 
scattered within a palisade of modified anticlinal filaments. 





Etymology. This species is named in honor of Professor Young-Meng Chiang of the 
Institute of Oceanography, National Taiwan University, in recognition of his pioneering 
studies of the genera (principally based on their type species) in the family Halymeniaceae 
(Chiang, 1970) and other western-Pacific Rhodophyta. We wish him well in his retirement. 
Holotype. BISH 646030, IA 22675 (Fig. 17), a cystocarpic specimen collected on 23 
November 1995 by L-A. Abbott and L.M. Hodgson. 

Habitat. The cystocarpic holotype and the tetrasporangial syntype specimens were col- 
lected from drift at Kanaha Beach Park, Kahului, Maui I. An in situ collection from the 
same locality was made from the reef flat at 5m depth. 

Hawaiian distribution. Maui I., Kanaha Beach Park, Kahului, Maui I., drift (A. Abbott 
& L.M. Hodgson, 23-24.xi.1995, IA. Abbott 22676; cystocarpic); 5 m depth on coral 
rubble (L.M. Hodgson, 4.1.1996. 1.4. Abbott 22760; tetrasporangial). 


World distribution. Recorded only from the Hawaiian Islands. 





Vegetative structure. The blade of the tetrasporophyte is the only entire plant in the 
collections. It arises from an asymmetrical, fleshy holdfast shaped like a horse’s hoof and 
flares out from a compressed stipe 1.5 cm in length by 5 mm in thickness, The blade is 
firm-textured, 10 cm in length by 3.5-5.5 cm in width, and cither entire or divided into two 
roughly equal lobes in the case of the tetrasporophyte, or consists of a single prominently 
lobed fragment in the female gametophyte (Fig. 17). Margins are variously smooth, 
broadly proliferous or finely dentate (Figs 17, 18). The entire surface of both plants is 
covered with subacute, broadly rounded and irregularly peltate lobes and excrescences 
that reach 1 cm in height and width, Occurring on many of the furrows and lobes are large 
numbers of smaller, harder projections (Fig. 18), many of which are associated with 
masses of roughly 0,5-1.0 pm diameter particles that may be evidence of localized 
bacterial infection. Blade cross-sections range from 180-250 um in thickness exclusive of 
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Figs 17-19: Halymenia chiangiana Abbott et Kraft sp. nov. Fig. 17. Habit of the cystocarpic holotype 
specimen (BISH, IA.). About natural size. Fig, 18. Detail of one of the thallus lobes showing dentate 
marginal processes, major ridges and lobes, and numbers of small excresences that may be at least 
partially responses to bacterial infections. Magnification is about 2x. Fig. 19. Cross section of cortex 
and central medulla, showing two refractive “ganglioid” cells in the medulla, stellate cells in the inner 
cortex, and a direct lateral fusion between two of the mid-cortical cells. 
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Figs 20-26: Halymenia chiangiana Abbott et Kraft sp. nov. Fig. 20. A large ganglioid cell from the 
medulla. Scale = 100 ym. Fig. 21. An auxiliary-cell ampulla with prominent auxiliary cell (arrow) 
projecting into the medulla. Scale = 100 um. Fig. 22. The moniliform, sparingly branched filaments 
of an auxiliary-cell ampulla, the auxiliary cell (arrow) the basal cell of a first-order lateral. Scale = 
50 um, Fig. 23. An auxiliary cell (arrow) in a mature ampulla, the ampulla broad and subtending an 
ostiole in the cortex. Scale = 50 um. Fig. 24. An auxiliary cell at or near diploidization, a connecting 
filament (arrow) fused to a lateral surface. Scale = 50 um. Fig. 25. The gonimoblast initial (arrow) 
directed toward the ostiole above the diploidized auxiliary cell. Scale = 50 um. Fig. 26. Oblique view 
of a mature carposporophyte attached to an auxiliary cell that is unfused (arrows) to the contiguous 
ampullar cells. Scale = 50 jum. 
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Fig. 27: Halymenia chiangiana Abbott et Kraft sp. nov, Cortex section showing basally attached, 
cruciate tetrasporangium borne in a palisade of anticlinal outer cortical filaments. 


the surface projections and are comprised of a broad and laxly filamentous medulla 
consisting of mostly periclinal filaments but also including numbers of anticlinal filaments 
that traverse the medulla from inner cortex to inner cortex. Of frequent occurrence in the 
medulla are irregularly contoured, enlarged cells with numbers of slender, radiating arms 
and highly stainable, refractive contents (Figs 19, 20) that are termed by Womersley & 
Lewis (1994) “ganglionic” cells. Cells at the border of the medulla and cortex stain 
normally and are often stellate in configuration (Fig. 19). External to the stellate layers is 
a cortex 35-40 1m thick composed of 4-6 layers, the cells of the inner layers ca. 8 um in 
diam and frequently secondarily pit-connected, at times also laterally fusing (Fig. 19). 
Surface cortical cells are elongate, 2-3 um in diam. by 6-12 um in length. 


Reproduction. Plants are apparently dioecious, as spermatangia have not been observed. 
The structure of carpogonial ampullae has not been clear, as carpogonial branches 
apparently are extremely evanescent, Auxiliary-cell ampullae protrude from the inner 
cortex into the medulla (Fig. 21) and consist of moniliform filaments branched to the 
second or third order (Fig. 22) with the auxiliary cell intercalary and basal in a second- 
order filament. The mature ampulla is broader than long, flat-topped, and situated at the 
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base of an ostiole that is fully developed prior to diploidization of the auxiliary cell 
(Fig. 23). Connecting filaments have not persisted after diploidization in our material but 
appear to fuse laterally with the auxiliary cell and not to grow beyond it. The auxiliary cell 
just subsequent to diploidization elongates toward the ostiolar pore (Fig. 24) and cuts off 
a single, distal gonimoblast initial (Fig. 25), the carposporophyte then forming two or 
three synchronously developing gonimolobes within a lax involucre of surrounding and 
elongating ampullar filaments. The carposporophyte reaches 125 um in diameter and is 
anchored to an auxiliary cell that does not enlarge appreciably or fuse to any extent with 
contiguous ampullar cells (Fig. 26). 

Tetrasporangia (Fig. 27) are ovoid, 17-25 pm in length by 10-13 pm in width, 
and basally attached to bearing cells that lie at the base of a thickened, anticlinal cortex 
covering much of the fertile frond. 


DISCUSSION 


The new species has many of the features described by Kawaguchi (1987) for 
Halymenia dilatata Zanardini from Japan. Both species arise from short stalks, have 
irregularly lobed to oblong fronds, a similarly composed cortex and ganglionic medullary 
cells. Halymenia dilatata is commonly also proliferous from the surface. Auxiliary-cell 
ampullae are similar in morphology and equally subtend a broad ostiole prior to diploi- 
dization in both species. Although Kawaguchi (1987, fig. 4D) illustrates connecting 
filaments that enter and leave the auxiliary cell, he notes Balakrishnan’s (1961) observa- 
tion that this feature was variable in Indian material, in which the connecting filaments 
most often terminated at the auxiliary cell. Differences between the species include the 
much greater numbers and blunter surface proliferations of H. chiangiana, its thinner 
fronds (to 250 pm vs 350-400 um), its lack of deeply pigmented surface spots (maculae), 
and its unmodified tetrasporangial cortex. 

Compared to other genera in the Halymeniaceae, this, the type genus, has 
received relatively little attention. In trying to frame a definition, Abbott ( 1967) emphasi- 
zed the traversing, or anticlinal, medullary filaments as a primary diagnostic feature, as did 
Kraft (1977) and Maggs & Guiry (1982). Abbott (1967) also highlighted the ganglionic 
cells of the outer medulla, as have Womersley & Lewis (1994), who point out that although 
highly refractive ganglionic cells seem to be absent in some species (e.g. H. kraftii), the 
stellate cells that seem to be their precursors are consistently present. Womersley & Lewis 
(1994) re-iterate the observation of most students of Halymenia that the cortex is “relati- 
vely narrow”, Chiang (1970) called particular attention to the distinctive Halymenia-type 
ampulla, with its “flattish and expanded” profile, a feature repeatedly confirmed by other 
workers (Acleto, 1973; Codomier, 1972; Maggs & Guiry, 1982) and thought by Kawaguc i 
(1987) to be perhaps the most consistent and reliable generic character. The importance of 
ampullae and of ampullar types is now being re-assessed, this feature having been 
downgraded by Kraft (1977) and Maggs & Guiry (1982) but now coming once again to be 
more heavily weighed in recent taxonomic treatments of the family (Kawaguchi, 1993, 
1997), particularly in regard to a number of species now being placed in or removed from 
Grateloupia (Kawaguchi, 1991; Lee et al., 1997). 

The leading student of the Australian Halymeniaceae, John A. Lewis, has 
concurred (pers, comm.) with our suggestion that the lack or near lack of major ampullar- 
cell fusions to the auxiliary cell during gonimoblast maturation in Halymenia may also 
constitute a reliable generic feature, one consistently differing from typical Grateloupia 
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species (Kawaguchi, 1997). Only extended comparisons of Halymenia species will confirm 
or refute the stability of this and other generic characters, but it is clear that the new 
Hawaiian species described here conforms to our present understanding of Halymenia in 
all its essentials. 

The two new algae that we describe here exemplify superficial habit similarities 
that can occur in species that are only distantly related at best. Recent molecular investi- 
gations (Saunders & Kraft, 1996) have not fully resolved the place of members of the 
Schizymeniaceae, although indications are that they form a group at the base of the 
gigartinalean clade. The Halymeniaceae, on the other hand, belongs to a monophyletic 
group well distinct from the Gigartinales and as such has recently been placed in the 
separate order Halymeniales (Saunders & Kraft 1996). 
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ABSTRACT — Grateloupia doryphora (Montagne) Howe and G. filicina (Lamouroux) C. Agardh 
yar. luxurians A. & E.S. Gepp are two exotic species now well established on the coasts of Brittany. 
The taxa are described, and the nature of their vector is discussed and compared with previous 
introductions. Their occurrence in the vicinity of shellfish farms suggests that they could have been 


transported by commercial molluscs. The importance of long-term surveys of coastal areas is here 
emphasized. 


RÉSUMÉ — Grateloupia doryphora (Montagne) Howe et G. filicina (Lamouroux) C. Agardh var. 
luxurians A. & E.S. Gepp sont deux espèces introduites et actuellement installées sur les côtes 
bretonnes, Les thalles sont décrits et la discussion aborde le problème de leur introduction, comparé 
à celui d’autres espèces marines, Leur situation au voisinage de sites aquacoles, fait penser à une 


introduction par les échanges commerciaux de mollusques, L'importance d’un suivi des sites côtiers 
est soulignée. 


KEY-WORDS: Grateloupia, introduction of marines species, Brittany coasts, France, new record. 


MOTS-CLE : Grateloupia, introduction d'espèces marines, côtes de Bretagne. 


INTRODUCTION 


Introduites volontairement pour les besoins de l'aquaculture, où accidentelle- 
ment grâce aux supports offerts par les activités anthropiques maritimes (coques de 
navires, eaux de ballast, fruits de mer), les espèces marines exotiques s'installent de plus en 
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plus dans les écosystèmes indigènes dont la flore et la faune peuvent être modifiées en 
conséquence (Zibrowius, 1992). Selon les cas (Boudouresque er al., 1994), ces introduc- 
tions sont considérées comme facteur d’enrichissement (accroissement de la diversité) ou 
d’appauvrissement (régression des espèces locales, pollution génétique). 

Lorsqu’elles sont de grande taille et (ou) possèdent des caractéristiques bien 
distinctes de celles des espèces locales, les algues introduites sont facilement repérables. 
Elles le sont plus encore lorsqu'elles réalisent une explosion démographique et lorsque 
celle-ci est synonyme de nuisance. Parmi les espèces appartenant à cette catégorie, qui en 
leur temps ont présenté une phase explosive parfois génante, on peut citer Sargassum 
muticum (Yendo) Fensholt, Colpomenia peregrina (Sauvageau) Hamel, Codium Sragile 
(Suringar) Hariot, Bonnemaisonia hamifera Hariot, Asparagopsis armata Harvey, Pleo- 
nosporium caribaeum (Boergesen) Norris (Belsher et al., sous presse), D’autres espèces se 
comportent plus discrètement. C'est le cas actuellement de Lomentaria hakodatensis 
Yendo (Cabioch & Magne, 1987) et Laurencia brongniartii J. Agardh (Cabioch et al, 
1990). Caulacanthus ustulatus (Mertens) Kützing effectue une implantation discrète mais 
croissante sur les côtes de l'Atlantique et de la Manche (Auby, 1993 ; Rio & Cabioch, 
1988). 

Grateloupia filicina var. luxurians et G. doryphora sont présents sur les côtes sud 
des îles britanniques, le premier dès 1947 (Farnham & Irvine, 1968), le second à partir de 
1969 (Farnham & Irvine, 1973), Leur développement dans le Solent et à l’île de Wight 
(Farnham, 1980, 1994) rendait probable leur extension aux côtes françaises de la Manche, 
où les conditions climatiques et marégraphiques sont similaires, Ces deux espèces sont 
maintenant présentes sur les côtes bretonnes où elles vivent souvent ensemble. 

Après avoir examiné les thalles bretons en les comparant à ceux d'autres prove- 
nances, nous discuterons les caractères systématiques et biogéographiques de ces deux 
Grateloupia avant d'examiner leur voie possible d'introduction, et d'une façon plus 
générale le problème des introductions d'espèces marines, 





MATÉRIEL ET MÉTHODES 


Nous avons étudié des spécimens mis en herbier communiqués par différents 
récolteurs, du matériel frais et des échantillons conservés dans le formol salé neutre à 4 %. 
Cette dernière technique s’est avérée la moins favorable aux observations. Le formol, en 
modifiant quelque peu la consistance des parois cellulaires, est mauvais conservateur de la 
forme et de la cohésion des cellules corticales. Son emploi complique l'interprétation de 
l'agencement des cellules lorsqu'elles sont examinées en vue superficielle, Les spécimens 
d’herbier ont été regonflés dans l'eau de mer. Dans tous les cas, les coupes ont été exécutées 
à main levée à la lame de rasoir, puis observées dans l'eau de mer avec ou sans contraste par 
le bleu d’aniline a | '% dans l'eau distillée acidifiée. Les colorations nucléaires ont été faites 
au carmin acétique après mordançage dans une solution aqueuse à 5 % d'alun de fer 
(Austin, 1959 ; Maggs & L'Hardy-Halos, 1993). Les clichés photographiques des échan- 
tillons d’herbier ont été pris à l’aide d'un appareil Reprovit Leitz. 
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RÉSULTATS 


Grateloupia doryphora (Montagne) Howe 


Basionyme : Halymenia doryphora Montagne 1839 : 21 
Matériel examiné 


Côtes de Bretagne. Lorient (Perk, 13-05-1989 ; Fournet, 1 1-1992, gamétophyte 
femelle) ; Quiberon (Le Hénaff, 10-1992, gamétophytes femelles, 11-1992, tétrasporophy- 
tes : Rueness, 29-10-1996, gamétophyte femelle, R3943 in L'Hardy-Halos). St Samson en 
Plougasnou (Rio et collaborateurs 26.02.1993). Ile Callot en Carantec (Rio et collabora- 
teurs 11.02.1993 ; Cabioch, 28-09-1996, n° 2-2-231-CD1, HD1, HD2, HD3, HD4 jeunes 
tétrasporophytes). Pempoull en St Pol de Léon (Rio et collaborateurs 28-01-1993 gamé- 
tophytes femelles et tétrasporophytes ; Rio et Cabioch, 9-02-1993, collection Cabioch 
n° 2-2-204-HD2, HD3 gamétophytes femelles, HD4, HDS, CDI tétrasporophytes ; 
Cabioch, 25-05-1994 n° 2-2-213-CD3, HD4, HDS, HD6, HD7, HDS tétrasporophytes ; 
26-09-1996, n° 2-2-230-HD1, CDI tétrasporophytes âgés). 

Autres provenances. ESPAGNE, El Cantal, Malaga 17-02-1988, collection M. 
Ribera, gamétophytes femelles (R 3946 et R 3947 in L'Hardy-Halos) ; herbier de l'Uni- 
versité de Barcelone, BCF, A 5049 et A5050 gamétophytes femelles (R3949 et R3950 
L'Hardy-Halos). GRANDE BRETAGNE, Portsmouth, 5-03-1996, récolte W.F. Farnham, 
gamétophyte måle et tétrasporophytes (R 3952 L'Hardy-Halos). 


Holotype : «Halymenia ? doryphora Montag, Callao. Voy. de D’orbigny. Dupetit Thouars 
(sic), Pérou, Herbier Montagne n° MA 3568 PC, tétrasporophyte. 


Signalée jusqu’à présent en quelques localités bien précises des côtes de Breta- 
gne, l'espèce est suivie sur plusieurs sites de la région de Roscoff, La description suivante 
réalisée sur le matériel provenant de la côte nord du Finistère, permet de définir les 
caractères du taxon et de préciser ses variations annuelles, tant morphologiques que 
reproductives. Les données écologiques concernent à la fois les sites de la côte nord et ceux 
de la côte sud de Bretagne. 


Morphologie et anatomie 


Les thalles dressés naissent d'une base encroûtante réduite, d'environ 0,5 à 
1 centimètre de diamètre, d'où partent généralement plusieurs pousses. Ces croûtes, de 
couleur brun rougeâtre foncé, à surface très brillante et gélatineuse, ont une épaisseur de 
150 à 500 im. En coupe radiale, leur organisation est de type hildenbrandioïde, analogue 
à celle précédemment décrite pour Grateloupia filicina var. filicina (Lamouroux) Cy 
Agardh et Dermocorynus montagnei P.L. Crouan & H.M. Crouan (Cabioch & Giraud, 
1982). Sur un ensemble réduit de filaments prostrés, en une ou deux couches, se développe 
un épais revêtement de filaments dressés à la verticale, composés chacun de 20 à 25 cellules. 
Celles-ci, à peu près isodiamétriques, mesurent de 8 à 10 pum de large et 7 à 9 pm de haut. 
Des anastomoses latérales, sous forme de fusions intercellulaires multiples ou de quelques 
rares synapses secondaires, sont particulièrement nettes sur les coupes tangentielles, après 
coloration par le bleu d’aniline. 

La morphologie des thalles dressés varie considérablement au cours du dévelop- 
pement végétatif (Figs 1-4). Les petits thalles de 5 centimètres de long, récoltés en 
septembre, sont de fines languettes eflilées au sommet et vers la base qui est cylindrique sur 
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Figs 1-4 Grateloupia doryphora. Fig. 1. Jeunes tétrasporophytes de l’île Callot (collection Cabioch 
n° 2-2-231-HD3, 28.09.1996). Fig. 2. Tétrasporophyte adulte de Pempoull (collection Cabioch 
n°2-2-213-HD4, 25.05.1994). Fig. 3. Gamétophyte femelle adulte de Pempoull (collection Cabioch 


n° 2-2-204-HD3, 9.02.1993). Fig. 4. Reste de tétrasporophyte âgé de Pempoull (collection Cabioch 
n° 2-2-230-HD1, 26.09.1996). Barres d'échelle = 5 cm. 
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Figs 5-9, Grateloupia doryphora ; thalles observés sur le vivant (Ile Callot, 20.1x, 1996). Fig, 5. Coupe 
transversale dans le cortex d’une région moyenne d’un thalle juvénile de 5 centimètres de long. Fig. 6. 
Même thalle, même région, vue superficielle des cellules corticales, Fig. 7. Coupe transversale dans la 
région moyenne tétrasporifère d'un thalle juvénile de 15 centimètres de long. Fig. 8. Même thalle, vue 
superficielle des cellules corticales vers le sommet de la plantule. Fig. 9. Même thalle, vue superficielle 
des cellules corticales dans la région médiane tétrasporifère. En pointillé, les tétrasporocystes. Barre 
d'échelle = 20 um. 





1 centimètre de long. Dans leur région médiane ces thalles mesurent 0,3 centimètre de large 
et 300 um d'épaisseur. Leur couleur est d’un rouge brunâtre clair, très comparable à celle 
des Palmaria palmata (Linnaeus) O. Kuntze. Ils sont peu ou pas divisés, présentant tout au 
plus une dichotomie à 1,5 centimètre de la base (Fig. 1). En coupe transversale, la région 
médullaire d'environ 200 um d'épaisseur, apparaît très lâche, formée de filaments enche- 
vêtrés, avec des ponts obliques. Cette medulla est recouverte de part et d'autre, sur une 
épaisseur de 50 um, par un cortex composé de courtes files de cellules (4 à 6, généralement 
4) pigmentées (Fig. 5). Tout le thalle est enveloppé par une épaisse couche de mucilage. En 
vue superficielle, les cellules corticales présentent des contours polygonaux aux angles 
arrondis (Fig. 6). 

D’autres pieds, également récoltés en septembre, et mesurant 15 centimètres de 
long (Fig. 2), présentent une ou deux dichotomies et quelques proliférations latérales. Is 
atteignent une largeur de 1 centimètre et portent quelques Rhodophytes épiphytes tels que 
Ceramium nodulosum (Lightfoot) Ducluzeau et Polysiphonia harveyi Bailey, solidement 
fixés et provenant de la flore locale environnante. Epais et d'apparence froissée dans leur 
région médiane, ces thalles peuvent atteindre 400 à 450 um d'épaisseur : le cortex de 
60 pm, est composé de 5 couches de cellules pigmentées ; la medulla, très développée 
(300 um d'épaisseur), est plus riche en filaments que celle des thalles juvéniles. Des 
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tétrasporocystes à division cruciée sont alors observables au sein de la couche de cellules 
corticales la plus externe (Figs 7, 9). Vers son extrémité distale, le thalle demeure plus 
mince. Il est encore juvénile, non fertile. À 2 ou 3 centimètres du sommet son épaisseur 
totale est de 175 ym, la medulla est lache, surtout pourvue de ponts obliques ; le cortex, 
épais seulement de 30 um, comporte 4 couches de cellules pigmentées. Les cellules corti- 
cales externes sont plus grandes dans la région médiane tétrasporifère (Fig. 9) qu'à 
proximité du sommet du jeune thalle (Fig. 8). 

Par la suite, les thalles adultes, observés au printemps, peuvent atteindre des 
dimensions tout à fait remarquables : 60 centimètres de long et jusqu’à 10 centimètres de 
large, alors que leur épaisseur et leur aspect général demeurent constants. Par leur port et 
leur couleur in situ, ils se confondent tout a fait avec des thalles de Palmaria palmata. Ils 
s'en distinguent cependant par leur toucher soyeux, leur couleur d'un rouge un peu plus 
franc, leurs bords souvent ondulés pourvus de petites proliférations, et la surface finement 
ponctuée et grenue des gamétophytes femelles. Au début de l'été ces thalles développés se 
décolorent, jaunissent et se dégradent à partir de leur extrémité distale, En septembre, au 
moment de la pousse des plantules, nous avons récolté le reste d’un de ces vieux individus 
encore producteur de tétraspores (Fig. 4) mais réduit à sa base. D'une épaisseur de 300 um, 
il présente un cortex de 50 à 70 um, composé de 4 4 5 couches de cellules. La medulla est 
dense au voisinage du cortex, lâche au centre, avec surtout des ponts obliques. Les cellules 
médullaires, à trois ou quatre bras plus ou moins allongés, diffèrent des cellules étoilées 
caractéristiques des Halymenia C. Agardh, TI n’y a pas d’anastomoses visibles entre les 
cellules corticales externes, même après traitement par le carmin acétique (Fig. 14). Par 
contre, les fusions latérales sont nombreuses entre cellules de la couche interne du cortex, 
ainsi qu'entre celles-ci et les cellules externes de la medulla (Fig. 15). L'aspect des cellules 
corticales en vue superficielle demeure assez constant. 

Les caractères anatomiques des thalles bretons sont très comparables à ceux de 
l'échantillon type de Montagne (Figs 10, 11, 12), et des spécimens provenant de Grande- 
Bretagne (Fig. 13). Ils sont relativement stables tout au long de l’année : l'épaisseur du 
thalle, dans ses régions adultes, varie de 300 à 450 Hm, avec un cortex de 50 à 60 um et un 
nombre relativement constant (4 à 6) de couches cellulaires corticales. 


Reproduction 





Dans la région de Roscoff, l'espèce présente tous les éléments d’un cycle repro- 
ducteur classique de Rhodophyte. 

Les étapes sexuées ont été observées au printemps sur des pieds adultes de 
grande taille. Seules les structures femelles ont été repérées jusqu’à présent. Elles se 
reconnaissent à l'aspect ponctué et grenu qu'elles donnent à la surface des thalles (Fig. 3). 
Les thalles formolés examinés en coupe, ont une épaisseur de 250 um, avec un cortex de 40 
à 50 um. On observe au centre de la medulla des gonimoblastes en forme de boules aplaties 
de 100 um d'épaisseur et 150 um de diamètre, Ils sont entourés de filaments médullaires 
protecteurs, l’ensemble constituant done un cystocarpe au sens strict du terme. Celui-ci 
s'ouvre à l'extérieur par un pore de 30 um de diamètre, ménagé entre les filaments 
corticaux. 

Les tétrasporophytes sont présents en toutes saisons, mais peu repérables sur le 
terrain. Disséminés à la surface des régions adultes des thalles, les tétrasporocystes 
atteignent, à maturité, 35 um de haut et 20 um de large ; leur division est cruciée. Une 
production intense de tétraspores a été observée sur des plantules automnales de 15 


centimétres de long, des thalles adultes printaniers de 20 a 50 centimétres, et des thalles 
âgés résiduels trouvés en automne. 


Source : MNHN. Paris 


1. CABIOCH, A. CASTRIC-FEY, M.-T. L'HARDY-HALOS, A. RIO 123 











et 

CAA RH ee 
TR 

AO 









Figs 10-15. Grateloupia doryphora. Fig. 10. Echantillon type de Montagne ; coupe transversale dans 
un fragment. Fig. 11. Jd. lacis des cellules cruciformes du cortex interne. Fig. 12. Id. cellules corticales 
externes en vue superficielle. Fig. 13. Coupe transversale dans la région moyenne d'un tétrasporo- 
phyte adulte montrant un tétrasporocyste můr et un tétrasporocyste indivis, inclus dans la couche 
corticale (collection W. Farnham, Portsmouth, 5.03.1996). Fig. 14. Vue superficielle de la zone 
moyenne d’un tétrasporophyte, après coloration des noyaux et des synapses par le carmin acétique 
(collection J. Cabioch 2-2-213 — CD3, 25.05.1994). Fig. 15. Sur le même thalle écorché et coloré par 
le carmin acétique, lacis des cellules cruciformes du cortex interne et des cellules à longs bras de la 
medulla externe. En pointillé, les tétrasporocystes. Barres d'échelle = 20 pm. 
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Ecologie 


Sur la côte nord du Finistère, Grateloupia doryphora n’est pas actuellement une 
espèce proliférante, mais simplement installée dans la flore locale, Les thalles fertiles sont 
présents pendant une grande partie de l’année. Les plantules sont observées en automne, 
tandis que les adultes sont développés en février-mars, Ils se raréfient en été, mais peuvent 
persister à l’état fertile en septembre. Il est difficile d'évaluer la durée du cycle de vie, 
vraisemblablement inférieure à un an. Toutefois, l'abondance et la longue durée de la 
production de cellules reproductives sont des éléments particulièrement favorables à 
l'installation et au maintien de l'espèce qui ne semble pas se multiplier végétativement, G 
doryphora vit en milieux calmes, dans des mares à eaux courantes de grand diamètre, 
situées dans la partie inférieure de la zone à Fucus serratus Linnaeus ; il se fixe sur des 
cailloux de 10 à 20 centimètres d'envergure, parfois un peu ensablés : il est souvent 
accompagné de Grateloupia filicina var. luxurians dont les thalles sont fixés à proximité, sur 
les mêmes supports. Faiblement abondant, et pour l'instant parfaitement intégré, G 
doryphora passe aisément inaperçu pour un observateur non averti, notamment en raison 
de sa ressemblance in situ avec Palmaria palmata ; son existence sur d’autres sites est donc 
possible et reste à détecter. Les localités connues sont situćes au voisinage d'exploitations 
ostréicoles fonctionnelles ou parfois abandonnées : St Pol de Léon (plage de Pempoull), 
Carantec (île Callot), Plouezoc'h (île Sterec), Plougasnou (pointe de St Samson). 

Dans la région de Lorient, G doryphora est observé au même niveau marégra- 
phique, à la fois en milieu propre (anse de Kerroc'h, comm. I, Fournet) et en milieu 
fortement enrichi en matière organique (Fort Bloqué). Dans ce dernier site, l'espèce vit 
dans des cuvettes riches en algues vertes, à proximité d'un égout (eau douce, déchets de 
poissonnerie). Elle semble se cantonner depuis quatre ans dans cette petite anse protégée 
où elle est très abondante (comm. E. Deslandes). A proximité de Kerroc’h et de Fort 
Bloqué existent des viviers à crustacés. En revanche, les installations ostréicoles sont plus 
éloignées et localisées dans la «petite mer» de Gâvres (à l'est de Lorient, à environ 12 km 
de Kerroc’h), dans la Ria d’Etel, dans les baies de Quiberon et de Plouharnel où elles 
occupent une superficie importante (comm. Affaires maritimes d’Auray). 














Grateloupia filicina (Lamouroux) C. Agardh var, luxurians A. & E.S. Gepp 
1906 : 259 


Matériel examiné 


St Samson en Plougasnou (Rio et collaborateurs, 15-08-1992, tétrasporophyte ; 
18-08-1992, gamétophyte femelle ; 16-10-1992, tétrasporophyte). Pempoull en St Pol de 
Léon (Rio et Cabioch, 9-02-1993, in coll, Cabioch n° 2-2-204-HD1 thalle adulte stérile). 
Tle Callot en Carantec (Cabioch, 28-09-1996; n° 2-2-231-CD2 jeune tétrasporophyte, CD3 
tétrasporophyte âgé, HD5 jeune tétrasporophyte, HD6, HD7, HD8, HD9 tétrasporophy- 
tes âgés ; 10-10-1996, n° 2-2-232-CD1, CD2, HDI tétrasporophytes, 

La seconde espèce, que nous dénommons Grateloupia filicina var. luxurians, à la 
suite de Farnham & Irvine (1968), est observée sur la côte nord de Bretagne, dans les 
mêmes biotopes et dans les mêmes conditions d'abondance que G. doryphora dont elle 
partage souvent le support. Elle semble en outre connaître un cycle annuel comparable et 
des variations morphologiques de même amplitude et de même rythme. 
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Morphologie et anatomie 


Les thalles dressés naissent d’une croûte basale d'organisation similaire à celle de 
G doryphora, Ce sont de petits disques brunâtres dé quelques millimètres de diamètre d’où 
partent de nombreuses pousses (jusqu’à 16 pour un disque de 4 millimètres d'envergure). 
Ils ont une organisation de type hildenbrandioïde et leur épaisseur varie de 150 à 200 um. 
Ils sont composés essentiellement de filaments verticaux agglomérés, comportant de 15 à 
30 couches de cellules presque isodiamétriques, de 6 à 7 pm de large et 9 à 10 pm de haut. 
On y observe également des anastomoses latérales entre cellules de files contiguës. 

La morphologie des thalles dressés varie considérablement au cours du dévelop- 
pement (Figs 16-18). De jeunes pousses observées en septembre et mesurant 7 à 8 
centimètres de long, ont une section cylindrique et sont longuement effilées à leur extré- 
mité distale. Dans leur région médiane elles présentent en coupe transversale une épaisseur 
de 300 jum, avec une medulla de 150 um, constituée de filaments lâches et un cortex dense 
composé de deux parties : une région externe, pigmentée, épaisse de 50 à 60 um, est 
composée de 4 à 6 couches de cellules ; un sous-cortex formé de 3 à 4 couches de cellules 
plus grandes, pauvres en plastes et ayant établi, entre éléments de files contigués, de 
nombreuses anastomoses. Une couche mucilagineuse assez réduite recouvre l'ensemble en 
surface (Figs 19, 21, 22). En vue superficielle les cellules corticales externes apparaissent de 
contour plus ou moins circulaire et noyées dans cette gelée (Fig. 20). A ce stade de 
développement le thalle est déjà producteur de tétrasporocystes à division cruciée, obser- 
vables dans le cortex externe (Fig. 19), La medulla est composée de filaments enchevêtrés 
longitudinaux et de nombreux ponts obliques, On y observe des cellules à longs bras 
résultant d'anastomoses multiples (Fig. 21). 

D'autres thalles, ayant 10 centimètres de long et seulement 0,2 de large, présen- 
tent une région basale légèrement aplatie et de courtes proliférations latérales cylindriques. 
Leur épaisseur totale vue en coupe est de 400 à 500 um, le cortex est assez semblable au cas 
précédent mais la medulla est différente : elle comporte une partie centrale lâche qui se 
sépare à la coupe, et une partie externe dense, au contact du cortex interne. Le thalle 
apparaît ainsi de consistance très cartilagineuse et de section presque tubulaire, Il est 
consistant sur une épaisseur de 150 um, comportant un cortex externe de 40 à 50 um (à 4 
à 5 couches de cellules), un sous-cortex de 30 um (à 3 couches de cellules) et une medulla 
sous-corticale de 50 à 60 pm, formée de filaments allongés. Des individus plus développés, 
également récoltés en septembre, atteignent 20 centimètres de long. Leur lame principale, 
en ruban aplati, large de 4 millimètres, est encore effilée et cylindrique au sommet (Fig. 
17) ; elle présente une ou deux dichotomies principales et de nombreuses ramifications 
latérales, quelquefois également dichotomes, certaines portant déjà de nombreuses proli- 
férations de troisième ordre. 

Les thalles adultes, observés au printemps, peuvent atteindre des dimensions 
importantes, de plusieurs décimètres de long (parfois 4). Ce sont des rubans aplatis de 
couleur brun rougeâtre foncé, de 5 à 6 millimètres de largeur maximale. Les lames 
principales, les plus larges, portent des ramifications distribuées le plus souvent dans un 
plan. Les ramifications d'ordre Î sont aplaties, moins larges que Jes lames génératrices ; 
celles d’ordre 2 sont généralement nombreuses, souvent cylindriques et effilées a leur 
sommet (Fig. 16). Comme ceux de G doryphora, les pieds développés jaunissent et 
disparaissent en été par destruction de leurs régions centrales les plus anciennes (Fig, 18), 
tandis que leurs proliférations latérales les plus distales, demeurant vivantes et foncées, 
sont peut-être susceptibles de bouturage. Les pieds âgés qui subsistent en fin d'été ont, 
dans leur région centrale, une consistance cartilagineuse et ferme. En coupe transversale la 
medulla apparaît dense dans sa totalité, sa partie externe s'étant fortement développée. 
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Figs16-18.Grateloupia filicina var. luxurians. Fig. 16, Tétrasporophyte adulte de Pempoull (collection 
Cabioch n° 2-2-204-HD1, 9.02.1993). Fig. 17. Jeune tétrasporophyte de l'île Callot (collection 
Cabioch n° 2-2-231-HDS, 28.09.1996). Fig. 18. Tétrasporophyte âgé de l'île Callot, (collection 
Cabioch n° 2-2-231-HD6, 28.09.1996). Barres d'échelle = 5 cm. 
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Figs 19-24. Grateloupia filicina var. luxurians ; thalles vivants et fixés (Ile Callot, 10.10.1996). Fig. 19. 
Coupe transversale dans la région médiane et au niveau du cortex tétrasporifère d'un thalle juvénile 
de 7 centimètres de long. Fig. 20. Même thalle, même région, vue superficielle des cellules corticales. 
Fig. 21. Coupe transversale dans la région corticale médiane d'un thalle de 10 centimètres de long. 
Fig, 22. Coloration par le carmin acétique d’une coupe transversale effectuée au niveau du cortex 
dans la zone moyenne d’un thalle adulte. Fig. 23. Même thalle, même région, vue superficielle des 
cellules corticales, après écrasement très vigoureux d'un fragment coloré par le carmin acétique. 
Fig. 24. Un aspect des filaments médullaires et des cellules corticales internes et externes, sur thalle 
écorché et coloré par le carmin acétique. Barres d'échelle = 20 um ; a = figs 19 à 21 ; b = figs 22 à 24. 


Source - MNHN. Paris 


128 GRATELOUPIA DORYPHORA, G FILICINA VAR. LUXURIANS, BRETAGNE 


L'épaisseur totale du thalle est alors de 1100 pm, celle de la medulla de 800 pum ; le cortex 
total atteint 150 um avec un sous-cortex de 50 jum à 3-4 couches de cellules à longs bras, et 
un cortex externe de 100 um comportant jusqu'à 8 couches de cellules devenues allongées. 
Les figures 22, 23, 24 illustrent différentes régions d'un thalle adulte, après coloration par 
le carmin acétique. 


Reproduction 


Comme G. doryphora, Grateloupia filicina var. luxurians semble présenter un 
cycle trigénétique caractéristique. 

Concernant les gamétophytes, seules les structures femelles ont été remarquées à 
ce jour, en été et au printemps. Ayant l'aspect de points foncés visibles par transparence 
elles sont repérables a l'œil nu ou plus facilement sous la loupe. Les sections transversal 
des gonimoblastes adultes atteignent 150 à 250 um de diamètre. Les gonimoblastes sont 
entourés de filaments protecteurs issus du gamétophyte et constituent donc des cystocar- 
pes, d'environ 350 pm d'envergure. Ceux-ci sont légèrement saillants et s'ouvrent à l’exté- 
rieur par un pore de 15 à 30 um de diamètre ménagé entre les cellules corticales. Au 
moment de leur libération, les carpospores ont un diamètre de 12 à 18 um. 

Les tétrasporophytes semblent nombreux et la production de tétraspores parti- 
culièrement intense et longue, puisque les pieds juvéniles de 7 centimètres de long en sont 
déjà producteurs. Les tétrasporocystes sont disséminés à la surface du thalle et se forment 
entre les cellules corticales externes. Ils ont, à maturité, 35 um de haut et 20 um de large ; 
leur division est cruciée. Cette abondante tétrasporogenèse, observée en été et en automne, 
à la fois sur des thalles juvéniles, adultes, et même très âgés, laisse supposer une production 
de tétraspores quasi-continue au cours de l’année. 





Écologie 

Grateloupia filicina var, luxurians Vit actuellement dans les mêmes conditions 
que G doryphora qu'il accompagne le plus souvent sur les mêmes supports constitués de 
graviers ensablés, Il s’agit toujours de milieux calmes, mares à eaux courantes de grande 
taille et situées dans la partie inférieure de la zone à Fucus serratus. L'espèce ne prolifère 
pas ; elle s’est parfaitement intégrée à la flore locale et s'y di ule aisément. À notre 
connaissance sa présence n’a pas été repérée ailleurs que sur la côte nord du Finistère 
(Carantec, St Pol de Léon, Plouezoc’h, Plougasnou). Elle est donc à rechercher sur la côte 
sud où sa présence ne serait pas surprenante, notamment au voisinage d'installations 
ostréicoles, sur les sites déjà occupés par G dorÿphora. 





DISCUSSION 


Aspects systématiques 





Tous les Grateloupia foliacés appartiennent aux flores des mers chaudes et 
tempérées. Sur les côtes marocaines et mauritaniennes, la variabilité morphologique des 
thalles attribués à G. /anceola (J. Agardh) J. Agardh a conduit Ardré et Gayral (1961) a 
proposer le regroupement, sous ce nom, de six espèces : G: cuneifolia Kützing, G. gibbesii 
Harvey, G. cutleriae Kützing, G. californica Kylin, G. lanceola (J. Agardh) J. Agardh (= 
Halymenia lanceola J. Agardh) et G. schizophylla Kützing. Tout en suggérant que Grate- 
loupia doryphora (Montagne) Howe (= Halymenia doryphora Montagne) puisse représen- 
ter une forme jeune appartenant au même complexe, ces auteurs lui conservent son statut 
spécifique en attendant un complément d'information, notamment à partir de cultures. 
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Dawson et al. (1964) rattachent cependant G doryphora au groupe lanceola, et soulignent 
l’antériorité de la combinaison G. dorvphora. 

Ardré et Gayral (1961) ont longuement discuté l'utilisation des critères anato- 
miques èt notamment l'épaisseur de la zone corticale, pour caractériser les Grateloupia 
foliacés. La couche corticale est plus mince dans le thalle du type de G doryphora (4- 
$ rangs cellulaires) que dans ceux des autres espèces du complexe /anceola (7-9 rangs). 
Kylin (1941) avait déjà insisté sur la prise en compte du développement du cortex dans la 
définition des espèces. Irvine et Farnham (1983) indiquent un nombre très variable de 
couches corticales pour G doryphora ; les thalles âgés peuvent compter 7-10 couches 
corticales, alors que les autres thalles sont habituellement plus minces et correspondent à 
la figure 13. Une telle variabilité est intéressante à souligner dans la mesure où elle ne 
résulte pas de la mise en synonymie d'espèces de différentes provenances, mais concerne les 
seuls exemplaires des côtes britanniques (Farnham, 1978). 

Les échantillons bretons sont remarquables par la relative constance de l'épais- 
seur du cortex, quelle que soit la taille des individus, Ils sont par ailleurs identiques au type 
de Montagne (Montagne, 1839). Il reste que de nouvelles investigations sont nécessaires, à 
la fois sur spécimens d'herbier et collections de terrain, pour mieux préciser les limites 
spécifiques au sein de ce complexe de Grateloupia. Les cystocarpes des gamétophytes 
femelles britanniques atteignent un diamètre plus élevé Gusqu’a 300 jum) que ceux des 
thalles bretons. 

Grateloupia doryphora ne peut être confondu avec aucune espèce de Kallymenia 
J. Agardh, Halymenia ou Schizymenia J. Agardh. La medulla de Kallymenia, Halymenia 
ou Cryptonemia J, Agardh, se caractérise par la présence de cellules étoilées à contenu 
cytoplasmique homogène et réfringent, dont est dépourvue celle de Grateloupia. Les 
gonimoblastes de Schizymenia dubyi (Chauvin ex Duby) J. Agardh, diffèrent nettement de 
ceux de Grateloupia doryphora : ils ne sont pas entourés de filaments enveloppants et leurs 
carpospores sont moins nombreuses mais plus volumineuses (jusqu'à 35 pm ; Dixon & 
Irvine, 1977). Le tétrasporophyte du Grateloupia ressemble aux gamétophytes (cycle sexué 
à générations libres isomorphes), mais celui de Schizymenia, thalle encroûtant connu sous 
le nom d’ Haematocelis rubens J. Agardh, est bien différent des gamétophytes foliacés, avec 
lesquels il constitue un cycle sexué à générations libres hétéromorphes (Ardré, 1977, 1980). 
En herbier, G doryphora ressemble fortement à Itonoa marginifera (J. Agardh) Masuda & 
Guiry (Masuda & Guiry, 1995), mais les thalles vivants de cette dernière espèce ont une 
consistance gélatineuse, et leurs coupes se dilacèrent facilement, 

En ce qui concerne G. filicina var. luxurians, la situation est différente car 
l'épaisseur du cortex est très variable selon la taille ou l'âge des thalles ; elle varie aussi 
entre les zones jeunes et âgées d’un même individu. Ce deuxième taxon présente d'impor- 
tantes variations morphologiques au cours de son développement, mais diffère par son 
aspect de G. filicina yar. filicina (Farnham & Irvine, 1968). En revanche, les thalles adultes 
rappellent beaucoup ceux d’autres Rhodophytes comme Gracilaria multipartita (Cle- 
mente) Harvey ou Calliblepharis jubata (Gooddenough & Woodward) Kützing, mais s'en 
distinguent nettement par leur toucher extrêmement gélatineux ; les thalles jeunes peu- 
vent ressembler superficiellement à Dumontia contorta (Gmelin) Ruprecht. 





Aspects écologiques 


Localisation des deux taxons 


EN ATLANTIQUE. Après avoir été signalé au Maroc, au Sénégal (sous le nom 
de G. lanceola ; Gayral, 1958 ; Ardré & Gayral, 1961), Grateloupia doryphora est actuelle- 
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ment connu au Ghana, en Côte d'Ivoire et en Gambie (Lawson & John, 1982) ainsi qu'aux 
Canaries (Afonso Carillo et al., 1984). Il a été observé au nord de l'Espagne en baie de la 
Corogne (Pérez-Cirera et al., 1989) et s’est étendu récemment aux rias galiciennes (Lopez 
Rodriguez er al., 1991 ; Cremades Ugarte, 1992, 1995). Mais Pérez-Cirera e7 al. (1989) 
rappellent que J. Agardh (1841) le mentionne déjà au sud de la côte atlantique espagnole. 
Villalard-Bohnsack et Harlin (1997) viennent de repérer G doryphora sur la côte nord-est 
américaine, dans la région de Rhode Island. Les thalles installés dans le Solent sont très 
similaires à ceux de la côte pacifique nord américaine (Farnham, 1980, 1994). En Grande- 
Bretagne, l'espèce s'aventure peu dans la zone subtidale : quelques thalles de petite taille 
ont été trouvés à la profondeur de 5-6 m ; la turbidité des eaux du Solent et le faible 
éclairement qui en résulte sont évoqués pour expliquer cette distribution limitée aux 
premiers mètres de la zone non émergée (Farnham, 1980). Il se peut aussi que l’espéce soit 
typiquement intertidale, et ne descende qu’exceptionnellement au-dela du niveau des 
basses mers. Elle n’a jamais été recueillie sur les zones subtidales régulièrement prospectées 
en dragages, dans la Baie de Morlaix (Cabioch er al., 1992). 

Sur la côte nord de Bretagne, G. doryphora vit en compagnie de G. filicina var. 
luxurians et se mêle à la flore diversifiée de vastes flaques caïllouteuses et limpides situées 
au voisinage de parcs ostréicoles. Sur la côte sud de Bretagne, G doryphora est également 
trouvé dans ce type de biotope, mais aussi dans des cuvettes enrichies en matière organique 
où il semble même plus abondant. Sur la côte atlantique marocaine, Gayral (1958, p. 347) 
remarque que l'espèce G. lanceola «semble particulièrement luxuriante près des villes, au 
voisinage des points où débouchent des eaux riches en matières organiques». 

Dans la région du Solent, la population de G. doryphora a peu progressé depuis 
sa découverte en 1969 : elle s'est étendue vers l’est, sur les côtes du Sussex et elle atteint 
Jersey (Farnham, 1994). L'espèce accompagnatrice G. filicina var. luxurians s’est encore 
moins propagée (Farnham, 1980, 1994). En Bretagne nord où l'installation des deux 
espèces est relativement récente, il est trop tôt pour déceler une évolution simultanée des 
populations et une éventuelle concurrence entre elles. En Bretagne sud, G. filicina var. 
luxurians n'est pas encore signalé, mais il est présent en Galice (Cremades Ugarte, 1995). 


EN MÉDITERRANÉE. G. doryphora est connu sur les côtes méditerranéennes 
espagnoles (Pérez-Cirera et al., 1989 sous le nom G. lanceola (J. Agardh) J. Agardh ; Rull 
Lluch eż al., 1991), et italiennes (Lagune de Venise, De Masi & Gargiulo, 1982 ; Sicile, 
Giaccone et al., 1985). Sur les côtes espagnoles, il aurait été récolté dans la région de 
Malaga dès 1948 (Pérez-Cirera et al., 1989). A partir de 1982, il est trouvé dans l'étang de 
Thau où son introduction paraît liée aux pratiques ostréicoles (Riouall et al., 1985). 
Toutefois, certains auteurs (Ben Maiz et al., 1986) n’excluent pas l'idée qu'il puisse y être 
indigène, demeuré inaperçu en raison du caractère fragmentaire des prospections. Ces 
derniers auteurs précisent que la population de G doryphora voisine avec une population 
sympatrique de G. filicina Var. filicina. La variété luxurians de G. filicina est également 
présente en Méditerranée : elle vient d’être identifiée à proximité des installations conchy- 
licoles de l'étang de Thau (comm. M. Verlaque). 


Vecteurs d'introduction 


2 IMPACT DES ACTIVITÉS OSTRÉICOLES, AQUACOLES ET DE LEURS 
DERIVES. En Bretagne, G. doryphora est trouvé & Lorient en 1989, puis à Quiberon en 
1992 et en Baie de Morlaix en 1993. Les populations, bien implantées, se sont maintenues 
dans les deux secteurs. Etant donné la localisation des sites occupés, en dehors de toute 
installation portuaire, il est peu probable que G doryphora ait effectué la traversée de la 
Manche grâce au trafic actuel des navires. Ce vecteur est cependant envisageable dans 
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d’autres cas, notamment celui d’Undaria pinnatifida (Harvey) Suringar dont les thalles 
britanniques proviennent de toute évidence des côtes françaises (Floc'h et al., 1991 : 
Castric-Fey et al., 1993 ; Fletcher & Manfredi, 1995). 

L'introduction de G. doryphora et G. filicina var, luxurians en Bretagne résulte 
très probablement des activités liées aux échanges commerciaux de coquillages. L'impor- 
tation d'huîtres étrangères a été importante dans toute la Manche il y a une vingtaine 
d'années, notamment en Baie de Morlaix (Zibrowius, 1978 ; Grizel & Héral, 1991) et les 
huîtres sont le vecteur incontestable de l'introduction et de l'extension de Sargassum 
muticum (Yendo) Fensholt sur les côtes atlantiques (Gruet, 1980). Les importations 
exotiques sont actuellement officiellement interrompues (depuis 1970 dans la région 
d'Auray ; comm. Affaires Maritimes d'Auray), mais à intérieur des frontières de 
l'Europe, les échanges liés à la commercialisation des coquillages sont à la fois libérés et 
intensifiés. C'est ainsi que les échanges de mollusques sont très actifs entre les îles 
britanniques et la côte nord de Bretagne, entre l'étang de Thau et la côte sud (comm, 
Ifremer de Morlaix). Ilest possible, dans ce cas, d'envisager pour l’arrivée des deux espèces 
de Grateloupia des origines différentes : Angleterre pour les spécimens de la côte nord de 
Bretagne, Méditerranée pour ceux de la côte sud. 

Les sites d'installation de G doryphora sur la côte sud de Bretagne se situent à 
plusieurs kilomètres de toute implantation aquacole. Mais on sait (Jonsson & Gun- 
narsson, 1982) que les spores d'algues rouges peuvent être transportées par des moyens 
non anthropiques sur des distances relativement importantes, et s'implanter rapidement 
sur de nouveaux substrats. Cette propagation est d'autant plus facile que la taille et la 
densité des spores sont relativement faibles, ce qui est le cas pour celles de G doryphora. A 
partir du point d'importation des thalles générateurs, les spores peuvent donc avoir 
parcouru une dizaine de kilomètres avant de rencontrer et coloniser des sites favorables. Le 
transport des spores est vraisemblablement favorisé par les forts courants de marée qui 
sortent des zones ostréicoles de la mer de Gâvres et de la ria d'Etel (respectivement 4 à 5 
nœuds) ; les courants sont encore assez forts (1 à 2 nœuds) dans les coureaux de Groix qui 
baignent les localités de Kerroc’h et de Fort Bloqué. G doryphora est actuellement signalé 
en Galice (rias de Vigo et d’Arosa) où rêgne une importante activité conchylicole ; ils'y 
trouve en compagnie de G. filicina var. luxurians et Lomentaria hakodatensis, ce qui 
renforce la probabilité d'une introduction sur nos côtes par les mollusques. De telles 
introductions risquent de se multiplier à l'avenir, puisque les échanges de coquillages se 
font actuellement dans toutes les directions. Ainsi, dans l'étang de Thau (Méditerranée), 
des immersions récentes et illicites d’huîtres asiatiques en provenance des côtes nord du 
Japon, seraient responsables de l'introduction de Chondrus giganteus Yendo f. flabellatus 
Mikami. Cet étang est classé zone indemne sur le plan zoosanitaire et les exportations 
conchylicoles vers d'autres sites européens sont libres. Aucun obstacle ne s'oppose donc à 
l'extension de ce Chondrus exotique aux côtes atlantiques, où il serait un concurrent 
potentiel pour l'espèce indigène C/ ‘hondrus crispus Stackhouse avec laquelle il est capable de 
rivaliser (Verlaque & Latala, 1996). 


IMPACT POSSIBLE DES VARIATIONS CLIMATIQUES. L'extension de G. 
doryphora par voie naturelle, remontée des côtes espagnoles jusqu’au sud de la Bretagne, 
ne peut être totalement écartée. Par suite d'hivers moins rigoureux à partir des années 
1988-1990, les eaux de la côte nord du Finistère montrent une tendance à un léger 
réchauffement, de 0,5°C en moyenne (Dauvin et al., 1991 ; Sournia & Birrien, 1995). Sur 
la côte sud, vation des températures hivernales est particulièrement nette durant les 
quatre dernières années : la moyenne des températures hivernales est passée de 8,9°C à 
11,2°C entre 1993 et 1996 (comm. D. Le Gal, Ifremer de Concarneau). Des signalisations 
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intermédiaires de G. doryphora entre le nord de l'Espagne et le sud de la Bretagne seraient 
les indices d’une remontée naturelle ; en leur absence, il n’est pas interdit de penser qu’une 
fois introduite par les activités conchylicoles, cette espèce d’affinité tropicale, a bien réussi 
son installation grâce au réchauffement. Dizerbo (1990) relate le cas de l'Halimedale 
Halimeda tuna (Ellis & Solander) Lamouroux, récoltée au Croisic, au niveau des Fucus 
(septembre 1920, et mise en herbier par Cazal, 1927). Signalée fortuitement en d’autres 
localités inhabituelles, notamment dans la Péninsule ibérique (Lazaro, 1889), cette espèce 
daffinité méridionale pourrait reparaitre sur les cétes de l'Atlantique nord en conditions 
climatiques favorables. 

On peut évoquer ici le cas de la Céramiale Clenosiphonia hypnoides (Welwitsch 
ex J. Agardh) Falkenberg, dont la distribution géographique est discontinue entre les 
Canaries et Guernesey. Pour tenter d'expliquer cette situation, il a été suggéré que l'espèce 
aurait une exigence particulière à l'égard de facteurs éco-physiologiques (Ardré et al, 
1982). La température pourrait être le facteur concerné. 


ÉCHECS ET SUCCÈS EN MATIÈRE D'INTRODUCTION. L'introduction 
d'espèces n’est pas toujours suivie de réussites, le pourcentage de celles-ci étant même 
relativement faible (Boudouresque, 1994), Parmi les tentatives manquées, on peut citer 
Hypnea musciformis (Wulfen in Jacquin) Lamouroux, qui fut transporté sur coquilles 
d’huîtres, depuis les côtes arcachonnaises jusqu'en Normandie, mais ne s'est pas maintenu 
sur les côtes normandes (Sauvageau, 1906). Il en est de même du Serpulidé Hydroides 
ezoensis Okuda en France (Gruet et al., 1976 ; Zibrowius, 1978 ; Thorp et al., 1987 ; Gruet 
& Baudet, sous presse). Une espèce peut réussir à s'implanter dans un secteur et échouer 
(ou s'implanter beaucoup plus lentement) dans un autre. Ainsi, la petite ascidie coloniale 
Perophora japonica Oka, vraisemblablement introduite avec Sargassum muticum, s’est 
largement maintenue sur les côtes et dans les ports de la Manche depuis son apparition à 
Saint Vaast la Hougue (Normandie) en 1982 (Monniot & Monniot, 1985). Par contre, sa 
réussite sur les côtes atlantiques paraît nettement plus faible : disparue du Golfe du 
Morbihan où elle était abondante en juin 1985 (Girard et al, 1996), elle s'est seulement 
maintenue à l’île de Ré où elle constitue une petite population (comm, C. Monniot). 
D’autres espèces demeurent cantonnées au voisinage de leur lieu d'introduction. C’est le 
cas d’Hydroides ezoensis en Grande-Bretagne (Zibrowius & Thorp, 1990) ; il en est de 
même du gastéropode prédateur Urosalpinx cinerea Say qui ne s'éloigne pas des pares à 
huîtres (Zibrowius, 1994). Le brouteur Gibbula albida (Gmelin), originaire de Mer Noire- 
Méditerranée et introduit en Bretagne avec des Ostrea edulis Linnaeus ne s'aventure pas, 
lui non plus, au-dela des stations ostréicoles (Delemarre & Le Neuthicc, 1995 : Gruet & 
Baudet, sous presse). 

Divers auteurs (Occhipinti Ambrogi, 1991 ; Boudouresque, 1994 ; Farnham, 
1994 : Ribera, 1994 ; Verlaque, 1994) soutiennent l'idée que la réussite des introductions 
d'espèces est facilitée en milieux stressés et pollués, à faible biodiversité naturelle, Sur la 
côte nord de Bretagne, Grateloupia doryphora et son accompagnatrice cupent au 
contraire des milieux propres, à forte biodiversité, au voisinage des parcs ostréicoles. Sur la 
côte sud, il en est de même à Kerroc'h, mais à Fort Bloqué les cuvettes habitées par G 
doryphora sont situées à proximité d’un égout, En Corogne, l'espèce occupe les deux types 
de biotopes (Pérez-Cirera et al., 1989), G. doryphora est considéré comme une espèce à 
dispersion lente (van den Hoek, 1987). Il est vrai qu'étant connu en Méditerranée 
(Malaga) depuis 1948, et installé en Grande-Bretagne (Solent) à partir de 1969, il est 
apparu seulement en 1989 et en 1993, respectivement sur la côte sud et la côte nord de 
Bretagne. 
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CONCLUSION 


Dans le cadre d’un article synthétique très documenté, Ribera et Boudouresque 
(1995) ont abordé les différents aspects du problème d'introduction des espèces végétales 
marines. En raison du risque potentiel qu’elles font peser sur l'importance de la biodiver- 
sité à l'échelle même de la planète, les introductions d'espèces exotiques ont perdu leur 
caractère anecdotique et sont l’objet d’une grande vigilance de la part des scientifiques. 

Sur les côtes de Manche-Atlantique, les introductions d'espèces marines parais- 
sent en augmentation, et il est important d'en saisir les toutes premières étapes. Le 
concours des observateurs amateurs bénévoles (Universités du Temps libre, Association 
pour la Découverte du Monde Sous-marin) prend ici toute sa valeur. En prospectant de 
manière constante les sites littoraux et infralittoraux, ils assurent une surveillance efficace 
et l'apport de données précieuses. La synthèse scientifique de celles-ci permet d’affiner la 
connaissance des écosystèmes indigènes, de déceler précocement l'arrivée d'une espèce 
migratrice, d'analyser le comportement spécifique des taxons introduits et d'en suivre 
l'évolution spatio-temporelle. 
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Note ajoutée sur épreuve 


La découverte récente de Grateloupia doryphora dans la flaque de l'île Verte à Roscoff 
(21 avril 1997, collecte A. Durville in herbier de la Station Biologique), localité non voisine des zones 
ostréicoles, laisse envisager que l'espèce est actuellement en voie d'expansion. Il s'agit d’un tétraspo- 
rophyte formé d'une croûte basale réduite d'où partent quatre lames dressées de grande taille ; la plus 
grande de ces lames atteint 60 centimètres de long et 8 centimètres de large. 
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ABSTRACT — Lithophyllum lichenoides Philippi (Rhodophyta, Corallinaceae) is a common, inter- 
tidal to shallow subtidal, nongeniculate, coralline red alga on the western Mediterranean and the 
Atlantic coasts of France and Spain. Its external appearance and vegetative anatomy are well known 
but little information is available with respect to its reproductive anatomy. Based on recently collected 
plants from northern Spain and Mediterranean France a description is given of vegetative, sperma- 
tangial, carpogonial/ carposporophytic and tetrasporangial structures. Pore-blocking cells are pre- 
sent in tetrasporangial conceptacles, 





RÉSUMÉ — Lithophyllum lichenoides (Rhodophyta, Corallinaceae) est une alge rouge, coralline, 
non-articulée, commune, qu’on trouve dans la zone de ressac, un peu au dessus du niveau, le long des 
côtes de la Méditerranée occidentale et des côtes atlantiques de France et d'Espagne. Son apparence 
externe et son anatomie végétative sont bien connues mais on a peu de renseignements quant aux 
caractères de sa reproduction. On donne ici une description (basée sur des thalles récoltés récemment 
au nord de l'Espagne et en France méditerranéenne) de ses structures végétatives, de celles des 
spermatocystes, des carpogones/carposporoc t des tétrasporocystes. Des cellules bloquant les 
pores sont présentes dans les conceptacles à tétraspores. 








KEY WORDS: Rhodophyta, Corallinaceae, Lithophyllum lichenoides, reproductive structures 


INTRODUCTION 


Lithophyllum lichenoides Philippi (Rhodophyta, Corallinaceae) is a common, 
intertidal to shallow subtidal, nongeniculate coralline alga. It occurs commonly in the 
western Mediterranean and in Atlantic France and Spain. It has also been recorded 
(Ardré et al., 1973) from the Azores. The species figures prominently in many floristic and 
ecological studies (e.g. Feldmann 1942; Cabioch et al., 1992) and previously published 
ecological observations are summarised. Despite its abundance, the only descriptions and 
illustrations of its reproductive structures are those by Rosanoff (1866, pl. VIT, figs 5, 7,8 

as L. crassum) which show little detail; by Huvé (1957, figs 1,2 —as L. tortuosum) which 
show some features of tetrasporangial conceptacles; and illustrations by Woelkerling 
(1983, figs 24-32) of the lectotype in which little reproductive detail is visible because of the 
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condition of the long-dried material. No description of gametangial plants has been 
published. The present study is based on plants collected at Cabo Higuer, northern Spain. 
Thallus anatomy and reproductive structures were examined and compared with those of 
other species of Lithophyllum. Further plants from Mediterranean France, including 
Corsica, were also examined. Masaki (1968) recorded L. lichenoides (as L. tortuosum) from 
middle Japan and presented detailed descriptions of gametangial and tetrasporangial 
reproductive structures. The vegetative and reproductive features of European plants are 
compared with those of Japanese plants as described by Masaki (1968), 


MATERIAL AND METHODS 


Air dried plants were decalcified for sectioning with Perenyi’s fluid (4 parts 10 % 
nitric acid: 3 parts 90 % ethanol: 3 parts 0.5 % chromic acid), the thallus was hardened in 
80 % ethanol and sectioned at 10-20 um thickness on a Mectron freezing microtome. 
Sections were mounted on a microscope slide in 50 % Karo® corn syrup coloured with 
aniline blue, For scanning electron microscopy specimens were rinsed in demineralised 
water and air dried. Whole thalli or fractures were mounted on double sided sticky tape, 
coated with gold/palladium and examined in a Jeol T20 scanning electron microscope at 
20K. In cell measurements, length denotes the distance between primary pil connections 
and diameter the width of the cell lumen at right angles to this, Conceptacle measurements 
follow the method adopted by Adey & Adey (1973). Thallus terminology follows Cham- 
berlain (1990) for the monomerous thallus in which the multistratose lower filaments are 
termed the medulla and the filaments derived peripherally from these the cortex. In the 
dimerous thallus the lowermost, unistratose layer is termed basal filaments and the upper 
filaments at right angles to these are the erect filaments. Drawings are made by the author 
on the basis of individual slide preparations and are not composite representations, VS = 
vertical section; YMC 89/303 etc. are the author's collection numbers. 

Collections examined: Spain: Cabo Higuer, Bay of Biscay, Vascongadas (YMC, 
24,x.1988, YMC 88/99); France: Le Dromont, Var., part of a ‘trottoir’ (E. Coppejans, 
vi.1969, YMC 83/309); St Cyr sur Mer, Bouches du Rhone, subtidal and exposed to strong 
wave action (M, Prior, 30.iii.1996, YMC 96/27); Calvi, Corsica, mid to low littoral, 
forming large concretions (E. Coppejans, 23.viii.1983, Y MC 84/36). 





OBSERVATIONS. 


Lithophyllum lichenoides Philippi, 1837: 389. 


Heterotypic synonyms: Lithophyllum cristatum Meneghini (1840; 512) fide Hamel & 
Lemoine, 1953: 67; L. crassum Rosanoff (1866: 93) non Lloyd (in herb. CHE no. 318); L. 
tortuosum auct, sensu Lemoine, non Tenarea tortuosa Esper. 


At Cabo Higuer, Lithophyllum lichenoides grows commonly on rocks in the 
intertidal zone. It forms cushion-like clumps (Fig. 2) up to about 20 mm high that are 
composed of erect lamellae (Fig. 4) united into a complex, densely interweaving and 
anastomosing honeycomb-like mass, The lamellae are up to 800 um thick. They are more 
or less smooth on the dorsal surface and ridged on the ventral surface. When moist the 
plants are not easily damaged, but they become brittle and fragile when dried. Plants are 
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Figs 1-6. Habit of Lithophyllum lichenoides. Fig. 1, Thallus with finger-like protuberances (YMC 
83/309), Scale as in Fig. 2. Figs 2-6. Specimen YMC 88/99, from Cabo Higuer. Fig. 2. Thallus with 
erect lamellae. Fig, 3. Vertical fracture showing upper edge (e) of the thallus, cortical filaments (C) in 
vertical fracture and tetrasporangial conceptacles (T) in surface view and vertical fracture (t). Fig. 4. 
Erect lamellae with tetrasporangial conceptacles on both surfaces. Fig. 5. Thallus surface. Fig. 6. 
Spermatangial thallus showing conceptacles (S) with a central spout (arrow) in surface view and the 
thallus in vertical fracture (F). 
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Figs 7-11. Vertical sections showing thallus and reproductive structures of Lithophyllum lichenoides 
(YMC 88/99). Fig. 7. Thallus with two immature carposporangial conceptacles, note pore plugs (P) 
and conspicuous subepithallial initials (arrow). Fig. 8. Thallus with tetrasporangial conceptacle (T) 
containing tetrasporangia, note thallus margin (m), cortical filaments (C) and medullary filaments 
(M). Fig. 9. Tetrasporangial conceptacle, note tetrasporangia (T) and columella (C). Fig. 10. 


Carpogonial conceptacle with trichogynes (t). Fig. 11. Two spermatangial conceptacles with spout- 
like pores. 


Source - MNHN, Paris 


LITHOPH YLLUM LICHENOIDES, CORALLINACEAE 143 


dull mauve and the thallus surface is matt. Under the SEM the surface (Fig. 5) mainly 
shows a Phymatolithon-type structure (Chamberlain 1990) with caleareous ridges sur- 
rounding epithallial concavities, but due to cell shedding the appearance is often irregular 
and disordered, Both sides of most lamellae are covered with uniporate, low-domed 
conceptacles (Figs 4, 6), carposporangial and tetrasporangial conceptacles measure up to 
250 pm in outside diameter, spermatangial ones measure up to 160 um in outside diameter. 


Vegetative anatomy: The thallus is presumably initially dimerous but no very young thalli 
can be seen, However, thallus regeneration (Figs 12) over dead thallus areas occurs 
frequently. This often results in the production of regenerating margins (Figs 12, 13) which 
are assumed to show the same type of margin as would be seen in the initial thallus. A 
dimerous Lithophyllum type of structure (Fig. 13) develops in which a single terminal cell 
is present and the thallus thickens immediately behind this cell (Fig. 13). This structure is 
similar to that seen in L. incrustans Philippi, the type species of Lithophyllum (see 
Woelkerling, 1983, figs 18-20). Basal filament cells and erect filament cells (Fig. 13) are 
squarish to elongate and subepithallial cells (Fig. 13) are elongate. Epithallial cells mainly 
occur singly and are small and inconspicuous (Fig. 13). Secondary, monomerous thalli 
(the ‘faux hypothalle’ of Cabioch, 1972) comprise the main bulk of the plants. The thallus 
meristem (Figs 3, 8) occurs at the apices of lamellae and is composed of elongate, densely 
staining cells that terminate in small, irregular epithallial cells. The meristem gives rise 
ventrally to downward-curving, medullary filaments (Figs 8, 15) of elongate cells that 
measure 11-25 um long x 6-9 um in diameter, Medullary filaments do not terminate in 
epithallial cells, Cortical filaments of squarish to elongate cells develop dorsally (Figs 3, 8), 
the cells measure 4-9 um long x 4-18 um in diameter. Subepithallial initials (Fig. 14) are 
conspicuous, they are relatively long and thin and measure 12-20 um long x 3-7 um in 
diameter. The upper half of each initial is particularly densely-staining and in sections 
they collectively appear as a dark band (Fig. 7) just below the dorsal surface. Epithallial 
cells appear to be very fragile. When intact (Fig. 14) they occur in up to four layers of 
small, squarish cells that measure 4-6 um long x 3-6 pm in diameter, but they are fre- 
quently absent or damaged and difficult to see. Epithallial cells immediately above 
subepithallial initials are apparently living (Fig. 14), but those nearer the surface appear to 
be senescent. Secondary pit connections occur between thallus cells of contiguous fila- 
ments (Figs 13-15), cell fusions were not seen. No trichocytes were seen, 


Reproduction: Gametangial thalli are dioecious. Spermatangial conceptacle chambers 
(Figs 11, 21) are low elliptical and measure 83-130 um in diameter x 36-52 um high. The 
roof is 21-36 ym thick and is composed of filaments up to four cells long; the conceptacle 
pore is tube-like and sometimes extended into a spout (Figs 6, 11, 21). Simple spermatan- 
gial systems occur only on the floor of the chamber (Fig. 22). Carpogonial conceptacle 
chambers (Fig. 10) are flask-shaped, they measure 95-100 jum high xc. 90 um in diameter, 
the roof pore is about 20 jum long. Carpogonia develop on the chamber floor and long, 
conspicuous trichogynes extend to the pore of the conceptacle (Fig. 10). Carpogonial 
branches are borne on supporting cells and mainly comprise a hypogynous cell and a 
carpogonium extending into a trichogyne; a sterile cell or second carpogonium sometimes 
occurs. After presumed fertilisation, a fusion cell develops on the conceptacle floor and 
gonimoblast filaments develop peripherally (Fig. 20). The conceptacle roof becomes 
domed and is composed of filaments of elongate cells up to three cells long. Cells 
surrounding the pore (Fig. 7) are slightly papillate and a (possibly mucilaginous) pore plug 
develops. The carposporangial conceptacle chamber (Fig. 7) measures c. 97 ym high x 
155 pm in diameter, with the roof 21-36 pm thick. 
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Figs 12-22, Vertical sections showing thallus and reproductive structures of Lithophyllum lichenoides 
(YMC 88/99), Scale with asterisk applies to Figs 16-19. Fig. 12. Diagrammatic drawing of senescent 
lamella (s) with cortical regeneration dorsally (r) and regenerating margin overgrowing the old thallus 
(arrow) 7 mm = 100 um. Figs 13-15. Representative thallus cells, arrows indicate secondary pit 
connections. Fig. 13. Regenerating thallus margin (see Fig. 12) showing dimerous structure with 
marginal initial (m), basal filament cells (b), erect filament cells (D, subepithallial initials (i) and 
epithallial cells (e). Scale as Fig. 15. Fig, 14. Upper thallus of a monomerous lamella showing 
subepithallial initials (i), epithallial cells (e) of which only the lowermost are living, and shedding 
cuticle and uppermost epithallial cells (c). Scale as Fig. 15. Fig. 15. Medullary cells in centre of a 
monomerous lamella, Figs 16-19. Tetrasporangial conceptacles: started scale applies to all these 
figures. Fig. 16, Conceptacle initiation commencing in swollen subepithallial initials (i) and old 
epithallial layers being shed (s). Fig. 17. Later stage of conceptacle development with roof being 
formed from subepithallial initials (i), old epithallial layers being shed (s), tetrasporangial initials (t) 
developing peripherally, and a central columella (c). Fig. 18. View of mature conceptacle roof from 
above with central pore cells (p) and small roof cells. Fig. 19. Mature conceptacle with young 
tetrasporangia (t), columella (c), and pore cells (p); four tetrasporangia have been extruded. Fig. 20. 
Part of a nearly mature carposporangial conceptacle showing the fusion cell (f) bearing carpogonial 
remnants (r) on the surface and a young gonimoblast filament (g) peripherally. Fig. 21. Spermatangial 


conceptacle with a spout-like pore (s), Fig. 22. Detail of simple spermatangial systems and released 
spermatangia. 
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Bisporangial plants are unknown. Stages in tetrasporangial conceptacle develo- 
pment show that conceptacles are initiated (Fig. 16) when a group of subepithallial initials 
become enlarged. The epithallial layer above these cells is eventually shed (Fig. 17) and the 
subepithallial initials develop into the conceptacle roof. At this stage (Fig.17) a central 
columella has developed and tetrasporangial initials occur in a peripheral ring. Mature 
tetrasporangial conceptacle chambers (Figs 9, 19) are elliptical, in VS they measure 
65-91 jm high x 138-156 jum in diameter, they are overlain by a roof that is 21-36 pm thick. 
The chamber floor is situated about 5-8 cells below the thallus surface (Fig. 19). The roof 
(Figs 9, 19) is two to three cells thick and is composed of an epithallial cell and one or two 
elongate or squarish cells. The mature pore (Fig.19) is surrounded on each side by one or 
two vertically oriented thin cells with two large hyaline cells (Fig. 19) apparently blocking 
the pore at the thallus surface. In surface view (Fig. 18) there are 5-7 of these pore-blocking 
cells round each pore. Tetrasporangia develop peripherally on the conceptacle floor 
(Fig. 9) and an insubstantial columella is present in the centre of the floor (Figs 9, 19). 
Most conceptacles present appeared to lack a columella and it seems that only strictly 
radial sections show this structure. Mature tetrasporangia measure 22-32 im long x 
7-9 pm in diameter. 

Old spermatangial conceptacles may become buried in the thallus but old 
carposporangial and tetrasporangial conceptacles are shed and do not become buried, 


COMPARISON OF SPECIMENS 


Specimens examined show consistent vegetative and reproductive anatomical 
characters, Three somewhat distinct morphological forms were noted. The specimens 
from Cabo Higuer (YMC 88/99) occurred as scattered plants on intertidal rocks and 
showed an erect, lamellate structure (Figs 2, 4). Another form (YMC 83/309) comprised 
clumps of closely interlocking, finger-like protuberances (Fig. 1). Specimens from a 
particularly wave-exposed locality near Marseille (Y MC 96/27) showed a mainly crustose 
plant with small, warty protuberances up to about 2 mm high. Either of the first two forms 
apparently builds up the huge concretions or ‘trottoirs’ (e.g. Cabioch er al., 1992, figs 232, 
233) that are a feature of Mediterranean shores, 

The plants collected at Cabo Higuer had lamellae that were covered with 
uniporate conceptacles on both surfaces (Fig. 4). In other populations, however, while the 
thallus surface was covered with minute bumps, conceptacles were very hard to find and 
the bumps were purely vegetative in origin. 


NOMENCLATURE 


The nomenclature of plants now attributed to Lithophyllum lichenoides had 
become complicated until it was clarified by Woelkerling (1983) when he established L. 
lichenoides Philippi (1837) as the earliest name for this species. After Philippi’s original 
description, Meneghini (1840) described L. cristatum from Genoa, Italy which is now 
considered to be conspecific with L. lichenoides (Hamel & Lemoine, 1953: 67). Rosanoff 
(1866) took up Lloyd’s species Melobesia crassum (in herb. CHE, no. 318). I examined no. 
318, however, and found it to be Mesophyllum lichenoides (Ellis) Lemoine. Nevertheless, 
the name has subsequently been used for coarse forms of Lithophyllum lichenoides and 
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Rosanoff’s own description and illustrations (1866, pl. VII, figs 5, 7, 8) of L. crassum, 
apparently based on other specimens, agrees well with L. lichenoides. 

For many years the identity of the ‘trottoir’ plant Lithophyllum lichenoides was 
confused with the morphologically similar species from Greece first described by Esper 
(1796) as Millepora tortuosa and renamed by Bory (1832) as Tenarea undulosa. This species 
is now known as T. tortuosa (Esper) Lemoine for reasons discussed in Woelkerling et al. 
(1985). Esper’s type was mislaid for many years and it was not until Woelkerling et al. 
(1985) rediscovered it in Senckenberg Museum that it was possible to prove that Esper’s 
and Bory’s plants were conspecific and that they differed taxonomically from the ‘trottoir’ 
plant. The intermediate nomenclatural complexities are documented in Foslie (1898), 
Lemoine (1910, 1911), Huvé (1957), Adey (1965), Woelkerling (1983) and Woelkerling et 
al. (1985), 

A further complication arose when the identity of Lithophyllum lichenoides 
became confused with the species now known as Mesophyllum lichenoides (Ellis) Lemoine, 
a member of the subfamily Melobesioideae, apparently simply because of the similarity of 
names. This matter is documented in Woelkerling (1983), The nomenclature of Lithophyl- 
lum lichenoides is now under further review in conjunction with a study of nongeniculate 
coralline type collections at the Muséum National d'Histoire Naturelle (Dr Woelkerling, 
personal communication). 


ECOLOGICAL OBSERVATIONS 


Populations of Lithophyllum lichenoides form one of the most familiar shore 
features in many areas of the Mediterranean (e.g. Morhange er al., 1992) where they create 
massive concretions (‘trottoirs’) at the low intertidal/subtidal interface (e.g. Feldmann, 
1942; Hamel & Lemoine, 1953 both as Tenarea tortuosa; Huvé, 1963; Augier & 
Boudouresque, 1967; Gayral, 1958; Bressan, 1974; Cormaci & Furnari, 1979; Cabioch er 
al., 1992 — all as Lithophyllum tortuosum). Cabioch et al. (1992) show a massive popula- 
tion (figs 232-233) and illustrate individual plants (fig. 231) that closely resemble those 
illustrated in this paper (Figs 1, 2), This species is also common on the Atlantic coasts of 
France (e.g. Lancelot, 1964, as L. tortuosum) and Spain where, for example, Hoek & 
Donze (1966 — as L. tortuosum) describe it as dominating a mid tide subzone of the Côte 
Basque. Ardré er al. (1973) record L. lichenoides on the Azores where it occurs on very 
wave-exposed shores. 

Laborel er al. (1994) used the present and past positions of the ‘trottoir’ in the 
western Mediterranean to indicate recent sea-level variationsin that area. They concluded 
that sea level had risen about 1.6 m during the last 4500 years. Morhange et al, (1993) 
showed that the rate of sea level rise on the coast of Provence, France, had been constantly 
decreasing over the past 5000 years and had ceased in the region about 500 years ago. 

P. Huvé (1954, 1956 — as Tenarea tartuosa) studied the regeneration of cleared 
colonies in the Golfe de Marseille. Within two years there was nearly 100 % cover of L. 
lichenoides and plants were about 1 em high. Boudouresque et al, (1972 —as L. tortuosum) 
studied the growth rate of tagged plants at Port Cros and found that young plants grew as 
much as 1.5 mm in height per month. Growth rate slowed with age but volume gain 
remained consistent so that, for example, a 60 mm high plant could be identified as being 
2-3 years old. 
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DISCUSSION 


Cabo Higuer plants of Lithophyllum lichenoides agree well with the habit and 
vegetative anatomy of the lectotype as re-described by Woelkerling (1983), Woelkerling 
was unable to make detailed observations of reproductive anatomy because of the 
condition of the material, The present results, however conform to his recorded dimen- 
sions and Woelkerling (1983, fig. 32) also noted the presence of some sort of pore-blocking 
mechanism but was unable to determine whether the conceptacle he examined was 
carposporangial or tetrasporangial. This possibly corresponds with the pore plug seen in 
carposporangial conceptacles in the present study (Fig, 7). Thallus and tetrasporangial 
conceptacle structure also agree well with the illustration by Rosanoff (1866, pl. VIL, fig. 7) 
although he did not observe pore-blocking cells. 

Japanese plants described by Masaki (1968, as L. tortuosum) differ from the 
present plants in having ventral struts (termed rhizoids by Masaki) below the thallus. It is 
not known whether pore-blocking cells are present in the tetrasporangial conceptacles of 
Japanese plants and until this information is available, it is not possible to assess whether 
European and Japanese plants are conspecific. 

In most species of Lithophyllum tetrasporangial conceptacle pore canals are 
lined by small papillae that are aligned more or less parallel to the thallus surface. 
However, a number of species were noted by Woelkerling & Campbell (1992) to have 
pore-blocking cells of various shapes. Most of the species in which these occurred would 
be attributed by the present author to the genus Titanoderma. However, various Litho- 
phyllum sensu stricto species have since been shown to have either pore-blocking cells or 
elongate cells that are vertically oriented immediately surrounding the pore canal. Pore- 
blocking cells occur in L. crouanii Foslie (Chamberlain & Irvine 1994, fig. 21F) and 
L. johansenii Woelkerling & Campbell (1992, figs 39C, 39D). Both of these species differ 
from L. lichenoides in having strictly dimerous thalli, in having layers of old, buried 
tetrasporangial conceptacles and in lacking a central columella in tetrasporangial concep- 
tacles. 

Vertically oriented surrounding cells are seen in the holotype (!), from Japan, of 
L. neoatalayense Masaki (1968) as well as in South African material of this species 
(Chamberlain, 1996). They also occur in L. retusum Foslie (Chamberlain, personal 
observation). The structure of these filaments is different from pore-blocking cells but 
resembles the thin filaments (Fig, 16) seen below the pore-blocking cells in mature 
conceptacles of L. lichenoides. 
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ABSTRACT — A single thallus of the rare red seaweed Tsengia bairdii (Farlow) K. Fan et Y. Fan (= 
Platoma bairdii (Farlow) Kuckuck) (Nemastomataceae) was collected on a subtidal pebble on the 
west coast of Scotland. The terete gelatinous axes, which were only 7 mm high, were monoccious. 
They bore numerous cystocarps and a few spermatangia, which represent the first observation of 
male structures in this genus, Released carpospores grew into expanded basal discs that gave rise to 
erect axes bearing irregularly cruciate tetrasporangia. Irregularly cruciate to zonate tetrasporangia 
were also formed on these basal discs. Karyological studies on dividing tetrasporocytes showed about 
25 bodies, identified as paired meiotic chromosomes on the basis of their size in comparison to mitotic 
and meiotic chromosomes in other red algal species. These observations confirm the isomorphic life 
history inferred from early field collections and show that this species is monoecious, Tsengia bairdii 
is an extremely rare seaweed in Europe — it seems to be confined to sublittoral cobbles and has a 
temporally patchy distribution. 


RESUME — Un unique thalle de l’algue, rare, Tsengia bairdii (Farlow) K. Fan et Y. Fan (= Platoma 
bairdii (Farlow) Kuckuck) (Nemastomataceae), a été récolté sur un galet infralittoral, sur la côte ouest 
de l'Ecosse. Les axes gélatineux de section arrondie, de 7 mm de haut seulement, étaient monoïques. 
Ils portaient de nombreux cystocarpes et quelques spermatocystes ; ces derniers constituent la 
première observation de structures mâles chez ce genre. Les carpospores se sont développés en des 
disques basaux étendus qui ont produit des axes dressés portant des tétrasporocystes irrégulièrement 
cruciés. Des tétrasporocystes, irréguli¢rement cruciés  zonés, ont aussi été produits par les disques 
basaux. Des études caryologiques sur les tétrasporophytes en division ont mis en évidence environ 25 
corpuscules, identifiés, sur la base de leur taille, comparativement aux chromosomes méiotiques ou 
mitotiques des autres algues rouges, comme des chromosomes méïotiques appariés. Ces observations 
confirment le cycle de vie isomorphe déduit de premières récoltes dans la nature et montrent que cette 
espèce est monoïque. Tsengia bairdii est une algue extrêmement rare en Europe - il semble confiné aux 
galets infralittoraux et sa distribution est morcellée dans le temps. (Traduit par la Rédaction) 

















KEY WORDS: Life history, Nemastomataceae, pebbles, Platoma, rare algae, Rhodophyta, Tsengia 
bairdii 
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INTRODUCTION 


As part of the Marine Nature Conservation Review of Great Britain, currently 
being undertaken by the Joint Nature Conservation Committee, the marine communities 
of 86 Scottish sealochs were surveyed over a four-year period (Howson et al., 1994). In 
July and August 1988 the sealochs of the Hebridean island of Lewis and Harris were 
examined in order to describe the marine habitats and communities present and to asssess 
their nature-conservation importance (Howson, 1988). At the mouth of a sealoch on the 
west coast of Lewis, an interesting community of ephemeral algae was observed on 
sublittoral pebbles. One of these species was Tsengia bairdii (Farlow) K. Fan et Y. Fan, a 
member of the Nemastomataceae more generally known as Platoma bairdii (Farlow) 
Kuckuck (see Masuda & Guiry, 1995). This rare species has never been observed in situ in 
the British Isles; the only previous British record was of a drift thallus collected in 1857 in 
Northumberland, on the north-eastern coast of England (Batters, 1900; Dixon & Irvine, 
1977). Although its morphology and female reproductive development have been descri- 
bed in great detail, based on material from Helgoland, North Sea (Kuckuck, 1912), T 
bairdii has never previously been grown in culture. The present paper therefore concentra- 
tes on the ecology of this species and its life history in culture. 


MATERIALS AND METHODS 


The site where Tsengia bairdii was collected (Fig. 1) is on the eastern side of the 
islet of Greine Sgeir (United Kingdom National Grid Reference NB (12 155) outside the 
mouth of Loch Resort but sheltered from the west by the island of Scarp. There is no road 
access to much of the west coasts of Lewis and Harris, so Lhe survey was carried out using 
a schooner with inflatable boats as diving platforms. Subtidal algal communities were 
studied at this site on 3 August 1988 by SCUBA diving; samples were examined live with 
dissecting microscopes on board the schooner. 

Field-collected algal material was fixed in 4 % seawater-Formalin, stained with 
1 % aniline blue, post-fixed in dilute HCI and mounted in Karo” corn syrup. Cultured 
material was studied live or fixed in 1:1 acetic acid:ethanol and stained in Wittman’s 
haematoxylin as described by Maggs & Rico (1991). Chromosomes were examined by 
squashing dividing tetrasporocytes in haematoxylin and counted by photographing and 
drawing them in different planes of focus. 

One cystocarpic axis of Tšengia bairdii was transported back to the laboratory 
alive in seawater. It was placed in modified von Stosch’s medium (Guiry & Cunningham, 
1984) on a glass half-slide in a small petri dish for three weeks under low light conditions 
(ca. 10 pmol photons m? s”') at 12° C, 16:8 h light:dark, until small discs were observed on 
the glass. Some contaminating algae were wiped off repeatedly until the culture appeared 
to be unialgal. 

Slide mounts of field-collected and cultured material have been deposited in the 
herbarium of The Natural History Museum, London. 
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Fig. 1. Chart showing collection site (star) for Tsengia bairdii with a map of western Scotland (right) 
indicating the location of the enlarged area (arrow). 
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OBSERVATIONS 


The Greine Sgeir site (Fig. 1) consisted underwater of a rocky reef with 
some vertical faces descending rapidly to a gently sloping bed of Phymatolithon cal- 
careum (Pallas) W. Adey et McKibbin maërl at 9-12 m depth, where there was a wide 
variety of epiphytic algae such as Dudresnaya verticillata (Withering) Le Jolis, Dictyota 
dichotoma (Hudson) Lamouroux, Compsothamnion thuyoides (J. Smith) F. Schmitz 
and Bonnemaisonia asparagoides (Woodward) C. Agardh. Schmitzia neapolitana (Ber- 
thold) Lagerheim ex P.C. Silva occurred on stones and one thallus of Dermocorynus 
montagnei P. Crouan et H. Crouan with cystocarps was collected on a pebble. The maérl 
bed sloped down to a clean cobble and sand bottom at about 15 m below Chart Datum. 
Scattered individuals of Laminaria hyperborea (Gunnerus) Foslie occurred on more stable 
substrata such as boulders. A fairly high diversity of algae was observed on the cobbles, 
including common species such as Haraldiophyllum bonnemaisonii (Kylin) A. Zinova, 
Lomentaria clavellosa (Turner) Gaillon and Cryptopleura ramosa (Hudson) Kylin ex Lily 
Newton. A single individual of Tsengia bairdii was collected on an otherwise bare small 
pebble. 

The Tsengia bairdii thallus was composed of an expanded disc ca. 5 mm in 
diameter with a group of 10 erect axes that were 4-7 mm in length and strongly recurved 
towards the substratum (Fig. 2). The axes were gelatinous, bright pink, terete and 
200-270 jm in diameter. Mostly of the axes were simple but two of them had a short 
lateral branch, one being near the apex and resulting in a slightly compressed axis. 
Numerous small cystocarps were present along the entire length of the axes (Figs 3, 4), 
visible through the filamentous cortex (Fig. 3). 

Terminal cells of the cortical filaments bore a few hairs, and cells from which 
hairs had been shed previously were enlarged and deeply staining. These latter cells 
superficially resembled gland cells, but some stained remnants of hair walls could be seen 
attached to their apices. The thallus was monoecious. Spermatangia (Fig. 4) occurred very 
sparsely among cortical cells, borne singly on ovoid spermatangial mother cells measuring 
c. 6.5 x 3 im. They developed from a protuberance formed at the distal end of the mother 
cell; the protuberance appeared to cleaye transversely but spermatangia were so rare that 
this interpretation requires confirmation. Spermatangia (Fig. 4) varied in shape from 
almost spherical to ovoid, 3 um in diameter and up to 6 um in length. Released spermatia, 
of which very few were observed, were spherical and 3 um in diameter. Neither fertilized 
nor unfertilized carpogonial branches or auxiliary cells were observed and tetrasporangia 
were not present on erect axes. 

Cultured discs, presumably initiated from released carpospores, were grown for 
two months at 12° C, 16:8 h, in dim red light (to reduce the growth of possible brown algal 
contaminants) until they were up to 250 um in diameter. Early stages of development 
could not be studied due to the very small numbers of sporelings present. The discs were 
roughly circular with non-pigmented margins, as is typical of crustose red algae and basal 
discs, and some loose filamentous growths, Following transfer to white light, the discs grew 
more rapidly, with distinct radial filaments, and were 0.9-2.0 mm in diameter 2 months 
later. They then formed small erect axis initials centrally. Two weeks after the erect axes 
were first noted, up to 14 axes had developed in a dense central cluster on each disc 
(Fig. 6). The erect axes were up to 1.2 mm in length, strongly recurved, simple or with 
forked branching. They were mostly terete with one slightly flattened axis, and they were 
of looser construction than the field-collected material (Fig. 7). 
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Figs 2-5. Field-collected material of Tsengia bairdii. Fig. 2. Several recurved erect axes removed from 
holdfast, showing very sparse branching. Fig, 3. Erect axis with numerous cystocarps visible among 
cortical filaments. Fig. 4. Squash of cortical filaments showing two spermatangia, each borne singly 
on spermatangial mother cell. Fig. 5. Squash of cystocarpic axis with numerous small cystocarps 
among dense cortical fascicles. 


When the erect axes were 5 weeks old, they started to produce numerous 
sporangia (Fig. 8). These sporangia were terminal on cortical filaments (Fig. 9), were more 
or less spherical, (6-)11-12 jum in diameter, and were divided once in an oblique plane, 
resembling bisporangia, or had divided again to form irregularly cruciate tetrasporangia 
(Fig. 9). 


Source : MNHN, Paris 





Figs 6-10. Tiengia bairditin culture. Fig. 6. Compact basal discs with obvious radial patterns bearing 
central clusters of erect axes, 2 weeks after initiation of erect axes. The isolated disc on the left has just 
developed erect axis initials. Fig. 7. The same basal disc shown on left in Fig. 6 after 2 weeks further 
growth, bearing a group of loose filamentous erect axes. Fig. 8. Squash of cortex of erect axis showing 
numerous spherical tetrasporangia. Fig. 9. Detail of terminal tetrasporangia from erect axis. Fig. 10. 
Squash of part of basal disc showing compact lower layers and superficial filaments bearing 
developing tetrasporangia. 
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Figs 11-15. Development of tetrasporangia on basal disc of Tsengia bairdii in culture. Fig. 11. 
Terminal tetrasporangia at various stages of development, some borne trichotomously. Fig. 12 
Mature cruciately divided tetrasporangium. Fig. 13. Tetrasporocyte with a central homogeneous 
nuclear zone containing densely staining bodies interpreted as paired meiotic chromosomes. Fig. 14. 
Drawing of same tetrasporocyte, indicating chromosomes shown in Fig. 13 (solid dots) and those 
seen in other planes of focus (open circles) which total 25. Fig. 15. Tetrasporocyte at metaphase, 
showing oblique plane of metaphase plate and initiation of first oblique cell division. 


Tetrasporangia were formed on the basal discs also (Figs 10-12). The basal discs 
were quite firm in texture, but lacked any secondary pit connections or cell fusions, and the 
tetrasporangia were usually formed on filaments that protruded above the surface of the 
disc (Fig. 10). These filaments terminated in dichotomies or trichotomies (Figs 10, 11), 
each branch of which could develop into a sporangium or a sterile filament. Sterile 
paraphysis-like filaments were also formed from the basal disc among the fertile filaments 
(Fig. 10). Tetrasporangia were mostly ovoid, 15,5-25 um long x 10.5-13 um wide, varying 
from cruciately to irregularly zonately divided (Figs 10-12). They were thus considerably 
larger than those formed on the erect axes. 
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Karyological studies on dividing tetrasporocytes showed distinct chromosome- 
like bodies within the homogeneous nuclear area (Figs 13, 14) which later aggregated into 
an obliquely orientated metaphase plate (Fig. 15). During division, there were about 25 
haematoxylin-stained bodies that were identified as paired meiotic chromosomes on the 
basis of their size in comparison to mitotic and meiotic chromosomes in other red algal 
species. 

Release of spores was not observed and further observations were not possible 
because the culture became overgrown by contaminants, which probably arose from 
spores of macroalgal endophytes present in the original collection. 


DISCUSSION 


The morphology of the Scottish plant corresponds closely to the Helgoland 
material of Tsengia bairdii illustrated by Kuckuck (1912, as Platoma). It is significant that 
Kuckuck (1912) collected both small terete thalli (pl. 10, fig. 1), similar in size to the 
Scottish material, and large, flattened blades up to 16 cm long (pl. 9) resembling the type 
collection from Martha’s Vineyard, Massachusetts, U.S.A. (Kuckuck, 1912, figs 4-6). 
Thus, although the Scottish material differs greatly in size and habit from the type 
specimen, there is no reason to doubt its identification as T. bairdii. The wide variation in 
size found in this species may be related to environmental conditions. Sears & Wilce (1975) 
reported that at Cape Cod, Massachusetts, conspicuous erect axes appeared to be restric- 
ted to deep water and only basal discs were observed in shallow water. Kuckuck (1912), by 
contrast, found the largest plants in the lower intertidal of Helgoland. 

The habitat of 7: bairdii in the British Isles, on sublittoral stones with moderate 
wave exposure, appears to be similar to that reported elsewhere in Europe and North 
America. Kuckuck’s find of lower-shore populations at the island of Diine near Helgo- 
land represents the only record of this species in the intertidal zone. This habitat unfortu- 
nately no longer exists due to building work at the beginning of the Second World War 
(Kornmann & Sahling, 1977; K. Liining, personal communication). Very few observa- 
tions of attached rather than drift plants have ever been made, and all other collections 
were on sublittoral stones. Kornmann & Sahling (1977) did not give any specific depths for 
the the two collections made in situ at Helgoland, while Liining’s (1970) Helgoland 
specimen was found at 7 m. In Denmark, Rosenvinge (1917) dredged small plants on 
granitic pebbles from a stony bottom at 20 m and at Cape Cod T. bairdii grew on stones at 
1-22 m (Sears & Wilce, 1975). 

The observation of T. bairdii in Scotland in August is typical of the phenological 
pattern for this species in Europe, where it seems to be a summer annual, having been 
collected only in May to September. Basal discs without erect axes have never been 
observed in Europe. The phenology of T. bairdii is known best from Cape Cod (Sears & 
Wilce, 1975), where this species was observed from January to August, overwintering as 
crustose “juveniles” that gave rise to erect axes in early spring. Tetrasporangia were 
recorded in January, April-May and July-August, Cystocarps occurred in July and August 
only, when the water temperature was at its maximum of 16-22° C, 

The geographical distribution of T. bairdii, from Nova Scotia (Edelstein et al., 
1967) to Massachussetts in the western North Atlantic and from Denmark to Scotland in 
the eastern North Atlantic, indicates that it has a wide temperature tolerance. At Cape 
Cod, winter temperatures are below 0° C, whereas summer temperatures reach 22° C. 
Helgoland in the North Sea also experiences large temperature ranges, with mean monthly 
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temperatures of 3° C in February and 18° C in August (Anonymous, 1962). By contrast, 
the Scottish site has a relatively narrow annual temperature range, from 7.5 to 13.5° C (Lee 
& Ramster, 1981), The attribution to this species of non-reproductive material from 
Tenerife (Afonso-Carrillo et a/., 1984) requires re-investigation as the occurrence of T: 
bairdii in the Canary Islands would represent a considerable southward range extension 
from the British Isles. 

The extreme scarcity of records of T. bairdii is very unlikely to be due to its 
having been overlooked because the present author has microscopically surveyed sublit- 
toral pebbles from numerous sites in Ireland, Scotland and Wales for over 15 years. Even 
in the absence of any erect axes, the basal discs are distinct from other red algae with 
isomorphic or heteromorphic life histories that involve crustose stages (see lists in Maggs, 
1990). Of those crusts that resemble T. bairdii in lacking cell fusions and secondary pit 
connections, only a few also have parallel radiating basal layer filaments like T: bairdii. 
These species, Cruoria cruoriaeformis (P. Crouan et H. Crouan) Denizot, Cruoria pellita 
(Lyngbye) Fries and Haemescharia hennedyi (Harvey) Vinogradova, all have erect fila- 
ments embedded in a mucilaginous matrix and additional prostrate filaments interwoven 
between them. By contrast, T. bairdii basal discs have a firm texture and lack prostrate 
filaments other than the basal layer itself. 

The total of only two thalli of 7: bairdii ever collected in the British Isles means 
that it is probably the rarest macroalgal species known in this geographical area. Its 
extreme rarity in the British Isles clearly merits “nationally rare” Red Data Book status, 
which for benthic marine organisms is defined by presence in eight or fewer 10 km grid 
squares (Sanderson, 1996). Elsewhere in Europe, it is not much more common, In 
Denmark, during his assiduous study of pebble communities by dredging, Rosenvinge 
(1917) made only a single collection of this species; likewise, in Helgoland, Kornmann & 
Sahling (1977) found T. bairdii only four times over a 17-year period during which the local 
algae were studied intensively, 

Tsengia bairdii is generally very rare in North America also: Farlow (1875) 
described the species from a single specimen and in Nova Scotia only one thallus has ever 
been found (Edelstein er a/., 1967). However, this species can sporadically be much more 
frequent in New England. Taylor (1941) discovered many drift specimens at Martha's 
Vineyard in 1940, whereas he had failed to observe it there during the previous 20 years. In 
a very detailed populational study of T: hairdii, at Cape Cod, Sears & Wilce (1975) found 
a temporally patchy distribution: it seemed to be absent in some years from areas in which 
it had occurred in previous years. When present, however, it was relatively common. Basal 
discs were present on 4 % and 10 % of sublittoral stones collected at, respectively, 1-22 m 
depth from the SW tip of Martha’s Vineyard and a pair of sites on the north coast of 
Martha’s Vineyard and the adjacent Cape Cod coast. These observations suggest that the 
reappearance of T: bairdii in its type locality after an absence of 70 years (Taylor, 1941) can 
best be explained by its persistence as inconspicuous basal discs. 

Platoma bairdii was transferred to the genus Tyengia by Fan & Fan (1962) 
because it differed from the type species of Platoma, P. cyclocolpa (Montagne) F. Schmitz, 
and the other species then included in the genus (see Masuda & Guiry, 1995), in its female 
reproductive development, the lack of gland cells, and because it formed tetrasporangia 
on upright thalli. In Scottish T. bairdii, the stained basal remnants of hair cells sufficiently 
resembled gland cells to cause confusion, but were typical of red algal hair cells which 
always contain dense cytoplasm (Cabioch, 1972, p. 164, 166). The type specimen of T. 
bairdii has tetrasporangia (Farlow, 1975; Kuckuck, 1912), and Taylor (1941) noted only 
tetrasporangial plants in his collection. Kuckuck (1912) found tetrasporophytes and 
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females bearing cystocarps, and also some thalli with tetrasporangia, carpogonia and 
cystocarps. In contrast, Rosenvinge (1917) reported that tetrasporangia and cystocarps 
were borne on distinct invidividuals and mixed-phase reproduction was not observed, 

Spermatangia were previously unknown in this genus, The observation of 
spermatangia in the cystocarpic Scottish material indicated that T. bairdii is monoecious. 
Spermatangia were extremely inconspicuous, however, and could easily have been over- 
looked in previous morphological studies. The present life-history study has confirmed 
that carpospores formed by cystocarps borne on erect axes give rise to thalli that form 
tetrasporangia on erect axes. Karyological observations suggest that tetrasporangia are 
meiotic and that the haploid chromosome number is about 25, Although no comparative 
data are available for the Nemastomataceae, karyological studies of the Gigartinales have 
usually shown haploid chromosome complements of 24-34 (Cole, 1990) so this chromo- 
some number would be quite typical of the order. The formation in T. bairdii of tetraspo- 
rangia on the basal discs as well as in erect axes is probably unique among the non- 
coralline red algae. In the Corallinales, it occurs in some species that form basal crusts, 
which give rise to erect branches that break off and form maérl (Cabioch, 1970). As the 
Corallinales is probably one of the oldest florideophyte orders (Freshwater e7 al., 1994; 
Ragan et al., 1994), this life-history feature may be a primitive trait but the lack of 
life-history studies in the genus Tsengia means that it would be unwise to draw elaborate 
conclusions without further data. Nevertheless, the life history of T. bairdii, with elements 
of both an isomorphic and a heteromorphic pattern, provides further evidence of the 
complexity of life histories in the red algae (West & Hommersand, 1981), 
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ABSTRACT — Laurencia lageniformis Masuda (Ceramiales, Rhodophyta) from Vietnam is descri- 
bed as a new species. It is characterised by the following set of morphological features: 1) mostly 
distichous-opposite branching; 2) the production of four periaxial cells from each axial cell; 3) the 
presence of longitudinally oriented secondary pit-connection between contiguous superficial cortical 
cells; 4) non-projecting superficial cortical cells, even at the apices of branches; 5) superficial cortical 
cells that slightly change in size from branch apices to more proximal positions; 6) the presence of 
lenticular thickenings in the walls of medullary cells; 7) a parallel arrangement of tetrasporangia: and 
8) flask-shaped cystocarps. This species is also characterised by the production of the C15 acetogenin 
12-epi-obtusenyne and the diterpenoid deoxyparguerol 16-acetate (15-bromo:2,6-diacetoxy-7- 
hydroxy-9(11)-parguerene) as halogenated secondary metabolites, 


RESUME — Laurencia lageniformis Masuda (Ceramiales, Rhodophyta), récoltée au Vietnam, est 
décrite comme espèce nouvelle, Cette espèce se caractérise par l'ensemble de caractéristiques suivan- 
tes: 1) ramification essentiellement opposée-distique : 2) production de quatre cellules périaxiales à 
partir de chaque cellule axiale : 3) présence de synapses secondaires, orientées longitudinalement, 
entre les cellules superficielles corticales contigués ; 4) cellules corticales superficielles non proëmi- 
nentes, même à l'apex des rameaux ; 5) taille des cellules superficielles corticales changeant peu depuis 
Tapex des rameaux jusque vers des zones plus proximales; 6) présence d’épaississements lenticulaires 
dans les parois des cellules médullaires ; 7) tétrasporocystes arrangés parallèlement ; 8) cystocarpes en 
forme de fiole, Cette espèce est aussi caractérisée par la production de C15 acétogénine 12-epi- 
obtusényne et du diterpénoide déoxyparguérol 16-acétate (15-bromo-2,16-diacétoxy-7-hydroxy- 
9(11)-parguéréne) comme métabolites secondaires halogénés. 


KEY WORDS: Algae, Rhodophyta, Ceramiales, Laurencia lageniformis, chemotaxonomy, haloge- 
nated secondary metabolite, 
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INTRODUCTION 


Our continuing studies on the morphology and halogenated compounds of 
species belonging to the red algal genus Laurencia (Rhodomelaceae, Ceramiales) have 
established the taxonomic usefulness of secondary halogenated metabolites in combina- 
tion with morphological features (Masuda et al., 1996, 1997b). Such metabolites have been 
reported in genera of Bonnemaisoniales, Corallinales, Gigartinales, Rhodymeniales and 
Ceramiales among the Rhodophyta (Fenical, 1975). The Rhodomelaceae is known to be 
the most prolific in their synthesis of halogenated metabolites (Fenical, 1975), Laurencia 
produces more than 250 diverse metabolites that are classified into four groups: sesquiter- 
penoid, diterpenoid, triterpenoid, and C,; acetogenin (Erickson, 1983). Laurencia species 
producing halogenated secondary metabolites are primarily included in the subgenus 
Laurencia defined by Saito (1967). However, some species apparently belonging to the 
subgenus Chondrophycus Tokida et Saito (in Saito, 1967) have been also reported to 
produce such metabolites (Erickson, 1983). Each species of Laurencia that produces 
halogenated secondary metabolites can be discriminated by a characteristic set of such 
compounds. For example, L. okamurae Yamada and L. composita Yamada, two appa- 
rently closely related species which are morphologically very similar, have been shown to 
consistently differ with respect to the secondary compounds that they produce ( Masuda et 
al., 1996). 

In Vietnamese waters, 20 species of Laurencia have been reported (Dawson, 
1954; Pham, 1969; Nguyen et al., 1993; Masuda et al., 1997a, b, c). A further undescribed 
species of Laurencia was collected during our Vietnamese expedition of 1992/1993. In this 
paper, we describe it as a new species which has a characteristic set of morphological 
features and halogenated secondary metabolites. 





MATERIALS AND METHODS 


Specimens examined were collected at Mui Nai (5.ii.1993) and Bai No 
(6.ii.1993), Hatien, Kien Giang Province, Vietnam. For morphological study, specimens 
were initially fixed in 4% formalin in seawater, with some later dried as herbarium 
specimens, Sections were made by hand using a razor blade and pith stick, stained with 
0.5% (w/v) cotton blue in a lactic acid/phenol/glycerol/water (1:1:1:1) solution, and 
mounted in 50 % glycerol-seawater on microscope slides. Voucher specimens are deposited 
in the Herbarium of the Graduate School of Science, Hokkaido University (SAP 062087- 
062091). 

Material for chemical analysis collected at Mui Nai was air-dried at room 
temperature (about 25° C) for a day, A partially-dried sample (84 g) was extracted with 
methanol and the solution concentrated in vacuo. The residue was partitioned between 
ether and water, with the ether solution shaken with water, dried over anhydrous Na,SO,, 
and evaporated to give an oily extract (1.23 g). The methanol extract (300 mg) was 
fractionated by column chromatography on silica gel (Merck, Kieselgel 60, 70-230 mesh). 
The fraction (70.3 mg) eluted with hexane/ethyl acetate (10:1) was then subjected to 
preparative TLC (Merck, Kieselgel 60F,,,s) with hexane/ethyl acetate (5:1) to afford crude 
“compound 1”, This was then purified by preparative TLC with toluene to give pure ay 
(25.0 mg; 8.3 % of the extract). The fraction (45.4 mg) eluted with hexane/ethyl acetate 
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(1:1) was further chromatographed by preparative TLC with hexane/ethyl acetate (3:2) to 
give “compound 2” (5,8 mg; 1.9 %). Identification of these compounds was carried out by 


detailed spectral analysis and comparison of the spectral data and [a], values was made 
with those reported in the literature, 


RESULTS 


Laurencia lageniformis Masuda, sp. nov. 


Plantae ex axibus rectis multis utrinque e disco basali communi et e ramis 
stoloniformibus effecti constantes; thalli flavida-brunnei vel brunneola-purpurei, aliquantum 
molles, exsiccatione chartae adhaerentes; axes principales 4-8 cm in longitudine, omnino 
teretes, percurrentes, usque ad 900 um in diametro, ramas plerumque oppositim in plano fere 
singulari interdum verticillatim vel alternatim ferentes; cellula axialis omnis cum cellulis 
periaxialibus quattuor, foveae-colligationes secundariae longitudinaliter dispositae inter 
cellulas corticales superficiales contingentes semper adsunt; cellulae corticales superficiares 
etiam prope apices ramorum non procurrentes, in sectionibus transversalibus ramuli nec 
radiatim elongatae nec in vallem dispositae; incrassationes lenticulares in parietibus cellula- 
rum medullae adsunt; tetrasporangia ¢ cellulis periaxialibus in ramis ultimis et penultimis in 
successione acropetali formata, igitur in ordinatione parallela ad axem longitudinalem 
disposita; tetrasporangia matura 120-160 um in diametro; cystocarpia laterales in ramis, 
lageniformia, 600-900 um alta, 530-780 um lata, collo protrudente 100-250 um in longitu- 
dine; spermatangia non inventa. 

Plants consisting of many upright axes arising both from a common discoid 
holdfast and from stolon-like branches; thalli yellowish-brown or brownish-purple, 
somewhat soft, adhering to paper on drying; main axes 4-8 cm in length, terete throu- 
ghout, percurrent, up to 900 um in diameter, bearing branches mostly oppositely in a 
nearly single plane sometimes verticillately or alternately; each axial cell with four 
periaxial cells; longitudinally oriented secondary pit-connections always present between 
contiguous superficial cortical cells; superficial cortical cells not projecting even at apices 
of branches, in transverse sections of branchlets neither elongated radially nor arranged 
as a palisade; lenticular thickenings present in the walls of medullary cells; tetrasporangia 
formed from periaxial cells on ultimate and penultimate branches in acropetal succession, 
therefore arranged parallel to the longitudinal axis; mature tetrasporangia 120-160 jum in 
diameter; cystocarps lateral on branches, flask-shaped, 600-900 um high, 530-780 um 
wide with a protruding neck 100-250 ym in length; spermatangia not found. 

Holotype and type locality: SAP 062090 (Fig. 1), collected by M. Masuda on 5 
February 1993, at Mui Nai, Hatien, Kien Giang Province, Vietnam. 

Distribution: Endemic to southern Vietnam; known from Hatien, facing the 
Gulf of Thailand, and from Vung Tau (Pham, 1969, as L. nidifica J. Agardh), facing the 
South China Sea. 

Etymology: The specific epithet, lageniformis (meaning flask-shaped) refers to 
the characteristic shape of the cystocarps. 

Plants grow on rocks or shellfish in the mid-intertidal zone of wave-exposed 
coasts. Some 20-40 upright axes (Fig. 2) arise from a basal system with numerous 
stolon-like lower branches and descending adventitious branchlets (Fig. 3). The basal 
systems of adjacent thalli are frequently entangled with each other, making it often 
difficult to distinguish individual plants. Each upright axis is percurrent, terete, and bears 
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Figs 1-4. Laurencia lageniformis. Mui Nai, Hatien, Kien Giang Province, Vietnam. Fig. 1. Portion of 
the cystocarpic specimen (holotype, SAP 062090). Fig. 2. Tetrasporangial specimen (SAP 062088). 
Fig, 3. Wet habit of the lowest portion of a plant, showing the fibrous basal system. Fig. 4. Wet habit 
of the middle portion of a plant, showing alternate, opposite and verticillate branches, 


up to four orders of progressively shorter laterals. First-order branches are formed at 
intervals of 2-4 mm and at angles of 30-50°. Branches of all order are arranged mostly in 
a distichous-opposite manner. However, this branching is sometimes interrupted by either 
the addition of one or more branches or an elimination of one of the paired branches 
(Fig. 4); the original branching plane can also change slightly, resulting in a polystichous 
arrangement of branches. Main axes are 400-600 pm in diameter in proximal portions, 
600-900 um in lower to middle portions, and then taper gradually to 500-550 jm at the 
tips. 

First-order branches are 2-4 cm long in the lower to middle portions of main 
axes and become progressively shorter above. Adventitious branches 1-10 mm long 
develop chiefly near the branched portions of main axes and the lower parts of first-order 
laterals at various angles (Fig. 5). The majority of these bear reproductive structures. 
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Figs 5-8. Laurencia lageniformis. Mui Nai, Hatien, Kien Giang Province, Vietnam. Fig. 5. Middle 
portion of a plant with adventitious branchlets (arrowheads) at various directions. Fig. 6. Transverse 
section (TS) of the upper portion of a second-order branch showing an axial cell (a) with four 
periaxial cells (p). Fig. 7. TS of the upper portion of a second-order branch. Fig. 8. Longitudinal 
section (LS) of the lower portion of a first-order branch showing longitudinally oriented secondary 


pit-connections (arrowheads) between contiguous superficial cortical cells; arrows indicate primary 
pit-connections. 


The growing point is always sunk in an apical pit, as is typical of the genus. Axial 
cells are recognizable only just behind the apical cell, but each produces four periaxial cells 
(Fig. 6). Superficial cortical cells of distal parts of branches of all orders are polygonal, 
8-16 um long by 10-24 um wide (a length:width ratio of 0.4-1.0), and are regularly 
arranged in longitudinal rows in surface view. Superficial cortical cells of proximal parts 
of well-developed, first-order laterals are 18-36 um long by 16-36 um wide (a length:width 
ratio of 0.6-2.0). 

Superficial cortical cells in transverse section are 12-18 um thick in upper 
portions of first-order branches and 22-30 um thick in proximal portions. Because of their 
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Figs 9-12. Laurencia lageniformis. Mui Nai, Hatien, Kien Giang Province, Vietnam. Fig. 9. Smooth 
contours of a young third-order branchlet imparted by the non-projecting superficial cortical cells. 
Fig. 10. TS of medullary cells in the lower portion of a first-order branch, many with lenticular 
thickenings (arrowheads). Fig. 11. Distal portion of a second-order branch with tetrasporangial 


branchlets, Fig, 12. LS of a tetrasporangial branch; wide arrow indicates a row of axial cells, and three 
arrowheads indicate an elongated, fertile periaxial cell. 
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Figs 13, 14. Laurencia lageniformis. Mui Nai, Hatien, Kien Giang Province, Vietnam. Fig. 13. TS of 
a tetrasporangial branch showing an axial cell (a) with two vegetative periaxial cells (p) and two 
probable fertile periaxial cells (arrowheads). Fig. 14. Rostrate cystocarp. 


obconical profiles, they do not form a palisade layer (Fig. 7). Longitudinally oriented 
secondary pit-connections are present between contiguous superficial cortical cells 
(Fig. 8), the cells never projecting even at branch apices (Fig. 9). Lenticular thickenings 
8-20 um thick are present in the walls up to 2 um thick of medullary cells (Fig. 10) except 
in distal portions of branches. Their frequency, however, is variable as some branches have 
few thickenings whereas others have many (Fig. 10). Medullary cells are subisodiametric 
and up to 80 um in diameter in middle to lower portions of first-order branches. As living 
material was not available, examination of corps en cerise was not performed. 

Tetrasporangia are formed within ultimate and penultimate ordinary (Fig. 11) 
and adventitious branches that reach 1-5 mm long by 350-500 um wide. The tetrasporan- 
gial initial is cut off abaxially from an elongated periaxial cell (Fig. 12). Only two of the 
four periaxial cells elongate and produce tetrasporangia in each fertile tier (Fig. 13). Each 
tetrasporangium is provided with two cover cells ' that are distally produced by the fertile 
periaxial cell (Fig. 12). Tetrasporangia mature acropetally, and young to almost mature 
sporangia are in a parallel arrangement relative to the longitudinal axis of the branch 
(Fig. 11). Mature tetrasporangia are 120-160 jm in diameter. 

Cystocarps are borne laterally on the second- to fourth-order branches. Mature 
cystocarps are flask-shaped (Fig. 14) and 600-900 um high by 530-780 im wide. They have 
necks 100-250 um long and flared ostiolar rims 200-400 pm wide. 

The major halogenated metabolite, “compound 1” was identified as the C;s 
acetogenin 12-epi-obtusenyne by independent structural elucidation, as well as detailed 
comparison of spectral data and optical rotation with those reported in the literature 





1. Nam & Saito (1990) use the terms “pre-” and “post-sporangial cover cells”. Post-sporangial cover 
cells, however, divide to form cortical filaments as do derivatives of sterile periaxial cells (Nam & 
Saito, 1990), rather than persist as special cells covering the tetrasporangia. We therefore reserve the 
term “cover cells” for pre-sporangial cover cells (Masuda et al., 1996), as only these cells remain 
undivided and are specifically associated with tetrasporangia . 
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Fig. 15. Molecular structures of secondary metabolites from Laurencia lageniformis. 1, 12-epi- 
obtusenyne; 2, deoxyparguerol 16-acetate (15-bromo-2,16-diacetoxy-7-hydroxy-9(1)-parguerene). 


(Gopichand et al., 1981). Another metabolite, “compound 2” was identified as the 
diterpenoid deoxyparguerol 16-acetate (15-bromo-2,16-diacetoxy-7-hydroxy-9(11)- 
parguerene) (Higgs & Faulkner, 1982). The structures of identified metabolites are shown 
in Figure 15. 


DISCUSSION 


Laurencia lageniformis is primarily characterised by flask-shaped (rostrate) cys- 
tocarps comparable to those of the western Pacific species L. capituliformis Yamada 
(Saito, 1967), L. cartilaginea Yamada (Nam & Saito, 1990), L. papillosa (C. Agardh) 
Greville (Cribb, 1958; Masuda er al., 1997a), L. tronoi Ganzon-Fortes (1982) and L. 
palisada Yamada (unpublished observations on plants from Ilocos Norte, Luzon Island, 
Philippines; 20.vi.1990, leg. M. Masuda, SAP 062480, 062481). These five species all differ 
from L. lageniformis, however, in lacking longitudinally oriented secondary pit- 
connections between contiguous superficial cortical cells (Saito, 1967, 1969; Ganzon- 
Fortes, 1982; Masuda, unpublished observations), 

An Australian species, Laurencia forsteri (Mertens ex Turner) Greville, has 
longitudinally oriented secondary pit-connections between contiguous superficial cortical 
cells as well as cystocarps with an inconspicuous to prominent neck (Saito & Womersley, 
1974), but it differs from L. lageniformis in the absence of stolon-like lower branches and 
its non-opposite branches (Saito & Womersley, 1974). A Pacific North American species, 
Laurencia masonii Setchell et Gardner, possesses urceolate cystocarps with a prominent 
rostrum and stolon-like basal laterals (Dawson, 1963), but differs from L. lageniformis in 
its essentially larger (6-20 cm high) and thicker (the axes being 1.5-3.5 mm wide) thalli as 
well as its branching (Dawson, 1963). Laurencia coelenterata Ballantine et Aponte (1995), 
recently described from the Dry Tortugas, Florida, has flask-shaped cystocarps but differs 
from L. lageniformis in having diminutive thalli up to 12 mm in height that arise from a 
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basal crust and tetrasporangia formed in a perpendicular arrangement to the longitudinal 
axes of the bearing branchlets. 

Laurencia lageniformis is strongly characterised by its mostly distichous- 
opposite branching, although it may be verticillate or alternate in some instances, Four 
basic types of branching pattern are known in species of the genus: 1) distichous, 2) 
unilateral, 3) spiral, and 4) verticillate. The distichous type occurs in many species with 
compressed to flattened axes. The unilateral type is rare and primarily found in species 
with creeping axes such as L. articulata Tseng, L. decumbens Kiitzing and L. perforata 
(Bory) Montagne (Kiitzing, 1865; Tseng, 1943; Saito, 1969; Cribb, 1983; McDermid, 
1988). The spiral type is common in species with upright, terete axes, including L. forsteri 
(Saito & Womersley, 1974) and L. masonii (Dawson, 1963). The verticillate type is 
extremely rare. Laurencia verticillata Zhang et B. M. Xia (1980) from Xisha Islands, 
southern China, was reported to show characteristic verticillate branching throughout the 
thallus. The Southern Australian Laurencia clavata Sonder also shows verticillate bran- 
ching (Saito & Womersley, 1974). According to Cribb (1983), L. venusta Yamada from the 
southern Great Barrier Reef commonly has verticillate branches, although branching can 
also be alternate or opposite. Re-examination of the holotype specimen of L. venusta 
collected at Shimokoshiki-jima, Kagoshima Prefecture, in July 1918 (SAP 013873) revea- 
led that it has both verticillate and irregular branching. Thus, the spiral branching is 
irregular, and its close intervals may bear partially verticillate or opposite branching. A 
similar irregular branching pattern has been reported in many terete species of Laurencia 
(Yamada, 1931; Cribb, 1958, 1983; Saito, 1967). However, the branching of L. lageniformis 
seems to be basically distichous-opposite, this pattern being occasionally interrupted by 
the addition of one or more branches (i.¢., verticillate) or lack of one of the normally 
paired opposite branches (i.e., alternate). 

Cribb (1958, p. 160) has pointed out the taxonomic usefulness of superficial 
cortical cells of Laurencia and made the following comments: “Size and shape of surface 
cells in the main branches is variable in some species, but in others, such as L. tenera and 
L. flagellifera, this character is a constant diagnostic feature”, Where the cells are measu- 
ted seems to be critical to their potential taxonomic usefulness. According to Saito & 
Womersley (1974), superficial cortical (“epidermal”) cells are small near branch apices 
and become wider and longer below in many Southern Australian species, although those 
of a few species suċh as L. clavata, L. elata (C. Agardh) Hooker et Harvey and L. 
patentiramea (Montagne) Kützing ? (as L. paniculata (C. Agardh) J. Agardh) never 
elongate. The lengths and widths of superficial cortical cells of L. lageniformis change only 
slightly from the apices to the bases of branches, a further defining feature of this species. 

The Hawaiian Laurencia nidifica J. Agardh is somewhat similar to L. lagenifor- 
mis in having opposite, verticillate, or alternate branches (J. Agardh, 1863), Its lectotype 
specimen, designated by Yamada (1931, p. 202), has been shown by McDermid (1988, 
fig. 20) to bear a faint resemblance to our Vietnamese specimens, although it has ovate- 
spherical cystocarps (J. Agardh, 1863). The alga reported by Pham (1969) from Vietnam as 
L. nidifica actually seems better referable to L. lageniformis on the basis of his illustrations 











2. According to Silva et al. (1996), the correct name of Laurencia patentiramea and L. paniculata 
should be Laurencia glandulifera (Kiitzing) Kiitzing. However, Saito (1985), who examined the type 
material and liquid-preserved specimens of L. glandulifera from Adriatic Sea, reported the presence 
of longitudinally oriented secondary pit-connections and parallel arrangement of tetrasporangia. 
These features are entirely different from those of the alga passing under the name L. paniculata 
(Saito & Womersley, 1974), Further critical studies are clearly needed to elucidate the taxonomic 
status of these species. 
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showing a distichous-opposite branching (Pham, 1969, fig. 2.215). Laurencia nidifica 
reported by Cribb (1958) from Queensland, Australia, has ovoid to urceolate cystocarps, 
and its gross morphology (Cribb, 1958, pl. 5, fig. 12, pl. 6, figs 1-3) is similar to that of L. 
lageniformis. A further critical study is needed to ascertain the status of this Australian 
alga that is probably referable to L. lageniformis rather than L. nidifica. 

Laurencia lageniformis is characterised by a set of halogenated secondary meta- 
bolites: the C15 acetogenin 12-epi-obtusenyne and the diterpenoid deoxyparguerol 
16-acetate (15-bromo-2,16-diacetoxy-7-hydroxy-9(11)-parguerene). 12-epi-obtusenyne 
has previously been isolated from the sea hare Aplysia dactylomela Rang collected at 
Bimini, Bahamas (Gopichand er al., 1981), indicating that Laurencia species producing 
this compound are probably present at that locality. Deoxyparguerol 16-acetate has 
previously been isolated from Laurencia obtusa (Hudson) Lamouroux collected at Kim- 
meridge Bay, Dorset (Higgs & Faulkner, 1982). Moreover, deoxyparguerol, which is the 
parent alcohol of deoxyparguerol 16-acetate, has also been isolated from the same Aplysia 
species collected from off the coast of La Parguera, Puerto Rico (Schmitz et al., 1982). 
These results also suggest that the Caribbean sea hare A. dactylomela consumes Laurencia 
species (Erickson, 1983). 

Laurencia lageniformis differs from L. nidifica in the aforementioned com- 
pounds. Laurencia nidifica in Hawaii has been reported to include three chemically distinct 
populations, each producing unrelated sets of halogenated secondary metabolites that are 
entirely different from those of L. lageniformis (Erickson, 1983). The Hawaiian L. nidifica 
includes two pink populations, one elaborating cyclolaurane- and laurane-type sesquiter- 
penoids (Waraszkiewicz & Erickson, 1974), the other elaborating chamigrane-type ses- 
quiterpenoids (Waraszkiewicz & Erickson, 1974, 1975, 1976; Waraszkiewicz er al., 1977), 
and a green population containing C,; acetogenins with unusual carbocyclic skeletons 
(Sun er al., 1976; Waraszkiewicz et al., 1976, 1978). Re-examination of morphological 
features of these three populations of L. nidifica is clearly needed. 

The occurrence of four periaxial cells from each axial cell is a critical feature that 
assigns L, Jageniformis to the subgenus Laurencia (Nam & Saito, 1995), a group of species 
in which the production of halogenated secondary metabolites may be a particularly good 
taxonomic feature (Masuda et al., 1997b). Laurencia palisada Yamada and L. perforata 
(Bory) Montagne of the subgenus Chondrophycus have been reported to produce some 
characteristic halogenated metabolites (Paul & Fenical, 1980; Gonzalez et al., 1977). The 
identification, however, is questionable (Masuda er al., 1997c, and unpublished data). 
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ABSTRACT — Caulacanthus ustulatus (Turner) Kützing was collected near Roscoff on the north 
coast of western Brittany and isolated into unialgal culture. The species is a recent introduction in this 
area, and the nearest known locality before 1986 was Biarritz. Two other Caulacanthus isolates were 
studied in culture and compared with the Roscoff isolate, One came from Gibraltar, not far from the 
type locality (Cadiz), and the other was from Qingdao, China, where the alga is passing under the 
name C. okamurae Yamada. The three isolates were morphologically similar, and thus supporting the 
recent proposal of reducing C. okamurae to synonymy with C. ustulatus. The isolate from China 
remained vegetative in culture, while the European isolates produced tetrasporangia. Germination of 
tetraspores and mature male and female plants are described for the Roscoff isolate. Only one 
carposporophyte was produced, and the germination of carpospores is described. Vegetative growth 
was measured on a temperature gradient growth table. Very little growth took place at 6° C. Growth 
was best at ca. 17° C, and slightly reduced at 13° C and 26° C. 


RÉSUMÉ — Caulacanthus ustulatus (Turner) Kützing a été récolté près de Roscoff, sur la côte nord 
de Bretagne occidentale et conservé en culture unialgale. L'éspèce, d'introduction récente dans cette 
région, n’était, jusqu’en 1986, pas signalée au nord de Biarritz. Deux autres souches de Caulacanthus 
ont été isolées en culture et comparées à celles de Roscoff, l’une de Gibraltar près de la localité-type 
(Cadix), l'autre de Qingdao en Chine. Les trois isolats sont morphologiquement identiques, y compris 
le spécimen chinois habituellement désigné sous le nom de C. okamurae. Ceci suggère la possible 
synonymie de C. ustulatus et C. okamurae, hypothèse déjà retenue par certains auteurs. La souche 
chinoise est demeurée végétative en culture tandis que les deux souches européennes ont produit des 
tétraspores. Le développement des tétraspores ainsi que les thalles mâles et femelles sont décrits pour 
la souche de Roscoff, Un seul carposporophyte a été obtenu. Le développement des carpospores est 
décrit. Le taux de croissance en fonction de la température a été étudié ; il est faible à 6° C, il est 
optimum à 17° C, légèrement réduit à 13° C et à 26° C. 


KEY WORDS: red algae, Caulacanthus, Rhodophyta, culture, reproduction, distribution 


INTRODUCTION 


The first find of the small red alga Caulacanthus ustulatus (Turner) Kützing on 
the north coast of western France was recently reported by Rio & Cabioch (1988). The 
alga was growing intertidally in the vicinity of oyster beds near Carantec. This part of the 


Source : MNHN. Paris 


176 J. RUENESS 


Brittany coast is probably the most thoroughly investigated with respect to littoral biota as 
a result of the activities at the Station Biologique, Roscoff. Hence, it is unlikely that the 
alga has previously been overlooked. The closest site where Caulacanthus ustulatus has 
been collected is Biarritz, in the Bay of Biscay, about 600 km further south. This was the 
species’ known northern limit on the Atlantic coast before 1986, The recent find extends its 
range so far northwards that it suggests that it may have been introduced, rather than have 
dispersed northwards along the Atlantic coast of France. It is possible that oysters have 
acted as the dispersal agent and that the origin of the alga was either southern France or 
some other remote locality. There has been a marked incr: in the number of introduced 
Japanese species in European waters since the 1960s, mainly due to human activities such 
as aquaculture and shipping (Ribera & Boudouresque, 1995). One example is Lomentaria 
hakodatensis Yendo, a species of Japanese origin unknown in European waters before it 
was recently reported from the Roscoff area by Cabioch & Magne (1987). 

C. ustulatus was originally described by Turner (1809) on the basis of specimens 
collected by Clemente at Cádiz, in southern Spain, and lectotypified by Searles (1968). The 
alga has been reported from warm temperate and tropical West Africa (Lawson & John, 
1982; Wynne, 1986a), and along European Atlantic coast from southern Spain (Seoane- 
Camba, 1965), to Portugal (Ardré, 1970), north Spain (Casares, 1989; Perez-Cirera, 1975) 
and Biarritz (Feldmann & Hamel, 1937). It is present on the Atlantic islands of Madeira 
(Levring, 1974), the Azores (Schmidt, 1931; South & Tittley, 1986; Neto, pers. comm.) and 
the Canary Islands (Børgesen, 1927, Kristiansen et al., 1993), but has not been found in 
the western Atlantic (Wynne, 1986b). In the Mediterranean Sea there are many records 
under the name C. ustulatus, but as suggested by Augier & Boudouresque (1971), many of 
these may be based on misidentification of the very similar alga Feldmannophycus rayssiae 
(Feldmann & Feldmann) Augier & Boudouresque. In the northeast Pacific, Dawson 
(1961) first reported the alga from Baja California, Mexico, and it has later been recorded 
as common and widespread in Washington and British Columbia (Norris & Wynne, 1968; 
Scagel, 1973; Gabrielson & Scagel, 1989), but apparently nowhere in between. In the 
Indian Ocean and east Pacific Ocean the situation is complicated by the fact that similar 
species have been described under various names. On the basis of morphological and 
anatomical comparisons of type material with field and cultured specimens, West & 
Calumpong (1990) concluded that isolates from the Philippines, North Queensland, 
Australia (as C. indicus Weber-van Bosse) and Korea (identified as C. okamurae Yamada, 
1933) belonged to one and the same species. The Philippine isolate and the Australian 
isolate were interfertile, whereas the Korean isolate remained vegetative in culture. West & 
Calumpong (1990) reduced these taxa to synonymy with C. ustulatus. 

One discrepancy between the Japanese taxon C. okamurae and C. ustulatus from 
Europe lies in the pattern of spore development. In C. okamurae, Kamura (1963) 
described a pattern of development that he termed “immediate gelidial type”, and which 
was unlike that reported by Feldmann (1938) for tetraspores of C. ustu/atus collected near 
Alger in Algeria. No culture study of C. ustulatus from European waters has been 
undertaken, the life history has not been demonstrated and spermatangial structures not 
observed. 

In this study, cultured isolates of C. ustulatus from Roscoff and from Qingdao, 
China (identified as C. okamurae, according to Tseng, 1983) were compared in an attempt 
to clarify the relationships between the entity of recent origin in the Roscoff area and the 
alga from Asia. In addition, an isolate from Gibraltar (ca. 100 km east of the type locality 
Cadiz) was included in the study. 
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MATERIAL AND METHODS 


Field observations were made during a research visit to the Station biologique, 
Roscoff, in September-November 1993, and the alga was isolated into culture. In June 
1994, I collected Caulacanthus at Qingdao, China, during the fifth International Phycolo- 
gical Congress. The only species of Caulacanthus reported from China and Korea is C. 
okamurae according to Tseng (1983) and Lee & Kang (1986), respectively. The alga was 
transported live to the laboratory in Oslo, Norway, and isolated into unialgal culture. In 
March 1996, C. ustulatus was isolated from Gibraltar and unialgal cultures were esta- 
blished, In addition living material was received from the Azores, kindly provided by Ana 
Isabel Neto, but attempts to grow this isolate were unsuccessful, All specimens were found 
growing in the littoral zone where the alga forms a short turf (1-3 cm) usually attached to 
rocks and shells. The alga is inconspicuous, but easily recognized by the attenuated, 
recurved to spine-like axes, each terminated by an obliquely dividing apical cell. Only 
vegetative specimens were recorded in field collections, and the initial unialgal cultures 
were established from apical cuttings. Later, tetrasporangia were produced in culture in the 
isolates from Roscoff and Gibraltar, whereas the isolate from China has remained vege- 
tative. Stock cultures were kept at 12° C and 17°C. They received a light quantity of ca. 
30 mol photons m® s"' under a 16:8 light:dark regime. The culture medium was IMR/2 
(Eppley e¢ a/., 1967) adjusted to a salinity of 30 psu. Growth responses at various 
temperatures were determined for the Roscoff isolate by incubating apical cuttings 
(1.5mm) at four temperatures + 1° C(6.3° C; 13.4° C; 17.1° C; 25.6° C) ona temperature 
gradient growth table. Two Petri dishes, each containing 5 apices, were placed at each 
temperature and under the same light regime as above. The medium was replenished 
weekly and individual lengths were measured. The growth experiment was terminated 
after 7 weeks and results were documented photographically. 


RESULTS 


Vegetative morphology 


The three isolates were morphologically similar and in accordance with earlier 
descriptions of the species. The isolate from Gibraltar was examined particularly carefully, 
in view of the possibility of confusion with the Mediterranean species Feldmannophycus 
rayssiae. Figure | is a cross-section of this isolate showing two periaxial cells arising from 
the central axial cell. In Fig.2, the row of axial cells is seen in a partial longitudinal section. 
Axial cells are usually 4-6 times longer than broad (ca. 15 um in diameter). This distin- 
guishes the species from Feldmannophycus rayssiae, in which the axial cells are two times 
longer than broad, and up to 60-70 um in diameter (Feldmann & Feldmann, 1960). 
Another distinguishing feature according to Feldmann & Feldmann (1960) and Augier & 
Boudouresque (1971) is that, in F rayssiae, each axial cell only forms one periaxial cell, 

In all isolates of C. ustulatus, branches became attached to the substratum by 
elongation and division of subcortical cells which formed characteristic erumpent attach- 
ment pads (Fig. 3). Each erect branch terminated in a distinctive obliquely dividing apical 
cell. 
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Reproductive structures 


In both the European isolates, tetrasporangia were produced after about three 
months in culture at 17° C but not at 12° C, whereas the isolate from China has remained 
vegetative despite attempts to induce the formation of reproductive structures by varying 
the photoperiod, light intensity, temperature, etc. It is therefore not known whether this 
isolate is a tetra-sporophyte or a gametophyte. Tetrasporangia are formed in the cortical 
layer where there are deeply staining sporangial initial cells (Fig. 4). Mature sporangia are 
zonately divided and measure 30 x 55 um. 

Spermatangia form superficial sori near the branch tips (Fig. 7), where cortical 
cells cut off 2-3 spermatangial mother cells which in turn cut off spermatangia (Fig. 6). 
Fertile female plants bear carpogonial branches near branch tips where the supporting 
cells are intercalary cells close to the axial filament. The carpogonial branches are 
three-celled and straight (Fig. 9), with the trichogynes penetrating the cortical layer to the 
surface of the thallus, Details of post-fertilization processes were not studied. Carpospo- 
rophyte development was seen in only one culture (Roscoff isolate) of mixed male and 
female plants, and resulted in only one mature cystocarp. Carpospores were released and 
isolated, but these have not yet produced mature tetrasporophytes. Attempts to cross the 
Roscoff and Gibraltar isolates have been initiated, but have not so far resulted in carpos- 
porophyte development, either in the self-crosses or in the out-crosses. Apparently, 
fertilization and carposporophyte development do not easily occur in culture (as in the 
field), and may require a longer period of time than 4 months. 


Germination of spores 


Tetraspores often germinated on the surface of the thallus, They are variable in 
size, but measure roughly 25 pm in diameter, A group of germinating tetraspores is shown 
in Fig. 11. The first division splits the spore into two unequal daughter cells, the smaller of 
which often gives rise to a rhizoid while the other cell continues to divide into smaller cells 
within the original spore. There are frequently two rhizoids and two groups of upper cells 
resulting from an initial partitioning into four cells, two basal cells forming rhizoids and 
two upper cells that continue to divide and give rise to two more or less separated groups 
of cells (Fig. 11). 

Carpospores were formed only once during this study (Roscoff isolate). A group 
of germinating carpospores is shown in Fig. 10. C: ‘arpospores are variable in size ca. 30 um 
in diameter which is slightly larger than tetraspores. Carpospore germination pattern 
seems to differ somewhat from that of tetraspores. In carposporelings, rhizoids were rarely 


formed and the germlings appear like a single group of cells forming a disc that later gives 
tise to an upright thallus. 


Growth at various temperatures 


From Fig. 12 itis seen that very little growth took place at the lowest temperature 


tested ca. 6° C and best growth occurred at ca. 17° C and somewhat reduced at 13° C and 
26° C. 
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Figs 1-3. Caulacanthus ustulatus. Fig. 1. Cross-section of young branch showing axial cell with 
pit-connections to two periaxial cells (Gibraltar isolate), Scale bar = 30 um, Fig. 2. Axis in surface 
view and partial longitudinal section to show cortex and axial filament (Gibraltar isolate), Scale 
bar = 50 pm. Fig, 3. Part of a branch forming attachment pad (Qingdao isolate). Scale bar = 100 pm. 
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Figs 4-5. Caulacanthus ustulatus. Fig. 4. Apical portion of tetrasporic plant showing deeply staining 
sporangial initials (Gibraltar isolate), Scale bar = 100 um. Fig. 5. Section of thallus with mature, 
zonately divided tetrasporangia (Roscoff isolate). Scale bar = 50 pm. 


DISCUSSION 


Caulacanthus ustulatus was collected for the first time on the north coast of 
western Brittany in December 1986 (Rio & Cabioch, 1988). This find represented a 
substantial change in the known northern limit of the species on the European Atlantic 
coast. During field work in the vicinity of Roscoff in September-November 1993, the alga 
was found to be relatively common in many localities, but always in a vegetative state. Rio 
& Cabioch (1988) suggested that vegetative reproduction was its only means of propaga- 
tion in this area. Reproductive specimens, especially fertile gametophytes, seem to be very 
rare in this species and male plants were undescribed from European coast before this 
study, Bornet & Thuret (1876) were the first to describe the carpogonial branch and some 
of the post-fertilization stages in material from Biarritz. Searles (1968), who studied the 
genus in detail, concluded that at least two other Atlantic species were probable synonyms 
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Figs 6-7. Caulacanthus ustulatus (Roscoff isolate). Fig. 6. Transverse section of thallus showing part 
of spermatangial sorus. Scale bar = 10 um, Fig. 7. Branch tip of male plant with extensive sperma- 
tangial sorus, Scale bar = 100 jum. 





Figs 8-9. Caulacanthus ustulatus (Roscoff isolate). Fig. 8. Longitudinal section of female branch 
bearing carpogonial filaments (arrow). Fig. 9. Detail of 3-celled, straight carpogonial filament. b. 
basal cell; h. hypogynous cell; c. carpogonium with trichogyne (t). Scale bar = 10 pm. 
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Figs 10-11, Caulacanthus ustulatus (Roscoff isolate). Sporelings developed at 17° C. Fig. 10. Germi- 
nating carpospores, rhizoids are rarely formed. Fig. 11. Germinating tetraspores. Note formation of 
rhizoids. Scale bar = 25 um. 


Yoga 








Fig. 12. Caulacanthus ustulatus (Roscoff isolate). Growth yield after 50 days in culture at various 
temperatures and given 30 1 mol photons m? s under a 16:8 light:dark regime. 
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with C. ustulatus:C. rigidus Kiitzing, based on material from Senegal, and C. divaricatus 
(Suhr) Papenfuss from South Africa. Searles (1968) provided detailed descriptions of 
vegetative and reproductive morphology, including male structures in specimens from 
South Africa. The present study fully corroborates the descriptions provided by Searles 
(1968). 

As to Caulacanthus from the Pacific, Searles (1968) included C. spinellus (Hoo- 
ker et Harvey) Kützing from New Zealand in C. ustulatus. Caulacanthus indicus Weber- 
van Bosse and C. okamurae were synonymized with C. ustulatus by West & Calumpong 
(1990) on the basis of morphological and anatomical comparisons of type material with 
field and cultured specimens. Unfortunately, they provided no illustrations of the algae 
examined. These authors successfully crossed an isolate from the Philippines (referred to 
C. indicus) with an isolate from North Queensland, Australia (as C. okamurae), An isolate 
from Korea (as C. okamurae) was also used, but this remained vegetative in culture, as did 
the isolate from China used in the present study, In the lates revision of the check-list of 
marine algae of Japan (Yoshida er al., 1995), C. okamurae is reduced to synonymy with C. 
ustulatus. 

The claim by Kamura (1963) that the pattern of tetraspore germination in C. 
okamurae differs from that reported for C. ustulatus by Feldmann (1938) was examined. 
There can be no doubt that the illustrations in Kamura (1963) are in good accordance with 
observations of tetraspore germination in the Roscoff isolate. The formation of one or two 
rhizoids at an early stage, and the frequent division of germlings into two cell groups were 
typical features. However, the interpretation of this pattern by Kamura (1963) as an 
“immediate gelidial type” is misleading, since the characteristic evacuation of the original 
spore found in the Gelidiales does not occur in Caulacanthus, The carpospores seem to to 
have a slightly different mode of development. Rhizoids are rare and division into two 
distinct cell groups was never seen, Carposporelings were more disc-like than tetraspore- 
lings. The illustrations by Feldmann (1938) show a germination pattern similar to the 
Dumontia type, in which the spore is divided into two more or less equal halves by a wall 
perpendicular to the substratum. Further divisions take place within the original spore 
wall to form a hemispherical mass of small cells. The most important difference between 
spore germination as described by Feldmann (1938) and that reported here is that rhizoids 
apparently did not bud off in the sporelings studied by Feldmann (1938). This difference is 
of less importance than the more fundamental difference between the gelidialean type and 
that described for Caulacanthus. Furthermore, there is a possibility that the alga studied 
by Feldmann (1938) belonged to Feldmannophycus rayssiae, since Perret-Boudouresque & 
Séridi (1989) excluded records of C. ustulatus from the Algerian flora. Further studies of 
F. rayssiae are required. 

In conclusion, the present study supports earlier suggestions that C. ustulatus is 
to be considered as a species of cosmopolitan distribution in warm temperate and tropical 
waters, Its poor growth at 6° C suggests that its northern growth limit lies in northern 
France and southern England in the Atlantic and in British Columbia on the north-east 
Pacific coast. The apparent low frequency of sexual reproduction suggests effective 
vegetative propagation, probably by fragmentation and reattachment. Since Caulacanthus 
ustulatus from southern Europe is morphologically indistinguishable from C. ustulatus 
from Japan and China, the origin of the Roscoff isolate cannot be determined. Molecular 
genetic methods may help to resolve the problem. Such investigations are now under way, 
and a crossability test should be undertaken when fertile gametophytes of both the Pacific 
and the Atlantic isolates become available. 
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NOTES ON THE MARINE ALGAE OF THE BERMUDAS. 2. 
SOME RHODOPHYTA, 
INCLUDING POLYSIPHONIA TONGATENSIS 
AND A DISCUSSION 
OF THE HERPOSIPHONIA SECUNDAITENELLA COMPLEX! 
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ABSTRACT — Eight marine red algae are reported from the Bermuda islands for the first time 
(Balliella pseudocorticata, Champia parvula var. prostrata, Diplothamnion jolyi, Grallatoria reptans, 
Heterosiphonia crispella var. laxa, Polysiphonia tongatensis, P flaccidissima and Wrangelia argus) and 
three others represent poorly known taxa from the islands (Halydictyon mirabile, Polysiphonia exilis, 
and P. sphaerocarpa). A lectotype is designated for Champia parvula var. prostrata L.G.Williams, A 
unique, net-forming Hydrolithon farinosum from deep water is recorded and its structure described, 
and transfer of a variety of Fosliella farinosa is made to Hydrolithon farinosum as H. farinosum var. 
chalicodictyon (W.R.Taylor) C.W.Schneid. et Searles comb. nov. A precise explanation of the repea- 
ting branching pattern of offshore Bermuda specimens of Herposiphonia secunda highlights the 
taxonomic confusion associated with this pantropical species, and Polysiphonia tongatensis is shown 
to be the correct name for Atlantic and Pacific Ocean specimens previously attributed to P. 
eastwoodiae. 





RÉSUMÉ — La présence de huit algues rouges marines est signalée pour la première fois aux 
Bermudes (Balliella pseudocorticata, Champia parvula var. prostrata, Diplothamnion jolyi, Grallatoria 
reptans, Heterosiphonia crispella var, laxa, Polysiphonia tongatensis, P. flaccidissima et Wrangelia 
argus) ainsi que celle de trois autres très mal connues dans ces îles (Halydictyon mirabile, Polysi 
exilis et P. sphaerocarpa). Un lectotype est désigné pour Champia parvula var. prostrata 
Un Hydrolithon farinosum de profondeur, tout à fait particulier, formant un réseau, a récolté et sa 
Structure décrite ; la combinaison Æ. farinosum var. chalicodictyon (W.R.Taylor) C.W.Schneid. et 
Searles comb. nov. est proposée, à partir d’une variété de Fosliella farinosa. Une explication précise des 
différents types de succession de motifs répétés de ramification existant chez les spécimens d’ Herpo- 
siphonia secunda des Bermudes récoltés au large, éclaicit la confusion taxinomique qui régnait 
jusqu'alors pour cette espèce pantropicale, et Polysiphonia tongatensis apparait comme le nom correct 
à attribuer aux spécimens des océans Atlantique et Pacifique rapportés jusqu’à présent à P. eastwoo- 
diae. (Traduit par la Rédaction) 








1. Dedicated to Prof. Dr. Françoise Ardré upon the occasion of her retirement. 

2. Contribution No 03, Bermuda Biodiversity Project at the Bermuda Aquarium, Natural History 
Museum and Zoo. 

5, Corresponding author, e-mail: cschneid@mail.trincoll.edu, fax: 860-297-2538 


Source - MNHN., Paris 


188 C, W. SCHNEIDER and R. B. SEARLES 


KEY-WORDS: Bermuda, Herposiphonia, H. secunda, Hydrolithon, Polysiphonia, P. tongatensis, P. 
eastwoodiae, Rhodophyta, new record, taxonomy, new combination. 


INTRODUCTION 


Much has been learned about the benthic marine algae of Bermuda since they 
were first collected during the 1850s (for a summary of the investigations leading to the 
known present-day flora, see Schneider & Searles, 1997). Despite Bermuda’s remote 
location approximately 1000 km east of the Carolinas in North America, the islands have 
in fact gained over geologic time a sizable marine flora with the majority of species arriving 
from Florida and the Caribbean Sea via the dispersal route of the Florida Current anf 
Gulf Stream (Searles & Schneider, 1987). There are, by our accounting, about 412 
reasonably reliable species of seaweeds presently reported in Bermuda (221 Rhodophyta, 
66 Phaeophyta, 118 Chlorophyta, 7 Chrysophyta), with several others in need of taxono- 
mic investigation. This total reflects species that have been verified by collections during 
the 20th century and includes only 32 more than reported for Bermuda more than a 
quarter century ago (Taylor & Bernatowicz, 1969). Several species reports by Kemp 
(1857), Rein (1873), Dickie (1874), Hemsley (1884), Murray (1888, 1889) remain unsubs- 
tantiated and therefore questionable in the flora (and are not included in the above total), 
but we have recollected one of their early records, Polysiphonia exilis Harv., growing on 
offshore reefs as well as in the midlittora] zone with the similar P howei Hollenb. 

Perhaps due to Bermuda’s relatively young age and small size (Collins & Hervey, 
1917), only seven species of those with type localities in the archipelago (44 species, 1 
subspecies, 9 varieties, 1 form) are still considered endemic, including one we recently 
described, Antithamnionella bermudica C.W. Schneid. (Schneider & Searles, 1997). In the 
present paper, we add six additional species to the flora as well as two varieties not 
previously reported, and verify some taxa reported previously as uncommon or rare. From 
deep offshore waters, we illustrate and describe a unique reticulate Hydrolithon, and 
discuss its relationship with H. farinosum var. chalicodictyon (W.R. Taylor) C.W. Schneid, 
et Searles comb. nov. Collections of Herposiphonia secunda (C. Agardh) Ambronn from 
deep water allow us to precisely define its branching topology and to relate pattern 
considerations to the taxonomie discussion associated with this species and H. tenella (C, 
Agardh) Ambronn. 








MATERIALS AND METHODS 


Most of the collections were made on two cruises of the R/V Seahawk in August, 
1983 and June, 1985 around the Bermudas (for dive site data, see Searles & Schneider, 
1987; for collection methods, see Schneider & Searles, 1997). Liquid preserved specimens 
were mounted in 20 % Karo” corn syrup, 1 % aniline blue and 1N HCl ina ratio of 97: 1:2 
on glass microscope slides, Dried herbarium specimens were cut and stained with 1 % 
aniline for 2 minutes directly on the paper, soaked for 5 minutes in 45 % glacial acetic acid 
and then the papers with specimens were mounted in 50 % Karo on glass slides. Drawings 
were made using a Zeiss camera lucida and photomicrographs were taken on Kodak T 
Max-100 professional film using an Olympus BH-2 microscope equipped with S Plan 
Apochromatic objective lenses and an Olympus camera. Vouchers of these collections are 
deposited in DUKE or the first author's personal herbarium (CWS), and duplicates of 
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some species have been sent to AHFH, C, GALW, HBFH, MICH, NFLD, NY, US, and 
the Bermuda Aquarium, Natural History Museum and Zoo [BAMZ]. Herbarium abbre- 
viations follow Holmgren ef al. (1990) and standard forms of author names follow 
Brummitt & Powell (1992). 


OBSERVATIONS 


CORALLINALES, CORALLINACEAE 
Hydrolithon farinosum (J.V.Lamour.) Penrose & Y.M.Chamb. 1993: 295 
Figs 1-3 


Basionym: Melobesia farinosa J.V. Lamour. 1816: 315 
Type locality: Unspecified site, Mediterranean Sea. 





Collectio: Bermuda-CWS/RBS 85-1-34, 5 June 1985, south of Sinky Bay, 
32’ 13.0° N, 64° 50.5’ W, depth 31 m; CWS/RBS 85-5-5, 7 June 1985, north of Pilchard 
Dicks, northwest of Somerset Is., 32° 23.6’ N, 64° 55.0’ W, depth 32 m; CWS/RBS 





85-15-34, 13 June 1985, northeast of Great Head, St Davids Is., 32° 22.8’ N, 64° 36.4’ W, 
depth 30-34 m; CWS/RBS 85-18-9, 15 June 1985, south of Christian Bay, southwest end 
Bermuda Is., 32° 13.2’ N, 64° 50.7’ W, depth 27-40 m, on Lobophora. 


Remarks: We have found epiphytic, loosely affixed coralline crusts in deep water which 
form beautiful nets (Figs 1, 2) reminiscent of Rhododictyon and Hydrodictyon. Although 
these specimens are vegetative and lack diagnostic germination discs (Irvine & Chamber- 
lain, 1994), they are in part bistratose, contain terminal, divided trichocytes and most 
probably are representative of the Fosliella-state of Hydrolithon as described by Penrose & 
Chamberlain (1993). At maturity, the trichocytes are divided into basal and hair-bearing 
portions (Fig. 1), typical for Hydrolithon (Chamberlain, 1983, as Fosliella). We find our 
deep-water specimens best attributed to H. farinosum based upon their characteristic 
triangular propagules (Fig. 3), similar to those illustrated as Fosliella farinosa (J.V. 
Lamour.) M. Howe by Coppejans (1978, 1983) and Cormaci & Furnari (1988) from the 
Mediterranean Sea. Afonso-Carrillo (1989) found the absence of diagnostic germination 
discs to be correlated with vegetative reproduction, and that propagules were an important 
means of reproduction/dispersal in the ‘Fos/ie/la-state of Hydrolithon.’ Interestingly, we 
have not found any crusts which bear propagules, only reticula germinating from them. 
In the thin Bermuda crusts, epithallial cells do not consistently form on all 
specimens (Fig. 1), often forming only on the older portions of the reticulum (Fig. 2) 
Oblique terminal divisions of hypothallial cells ultimately divide and rebranch, connec- 
ting up with cells from adjacent rows and forming meshes roughly pentagonal or hexago- 
nal in design (Fig. 1). This reticulum is more elaborate than the wavy-row patterned crust 
exhibited by Hydrolithon farinosum var. chalicodictyon (W.R. Taylor) comb. noy. [Basionym 
Fosliella farinosa var. chalicodictya W.R.Taylor, Smithson. Mise. Coll 98: 10, 
figs 13,14, pl. 1, figs 1-3 (1939)], where central portions of curved hypothallial cells are 
laterally conjoined leaving lacunae between non-connected portions of spreading rows 
(Coppejans, 1976, 1983). None of our reticulate specimens show these H-shaped cell 
connections. Elsewhere in Bermuda, we have also collected classic H. farinosum var. 
chalicodictyon in deep water (CWS/RBS 85-19-14, 15 June 1985, southwest of Long Bar, 
west of High Point, Bermuda Is., 32° 13.5’ N, 65° 01.3’ W, depth 30-34 m) and this variety 














Source : MNHN. Paris 


190 C. W. SCHNEIDER and R. B. SEARLES 





Figs 1-3. Hydrolithon farinosum. All scale bars = 50 m. Fig. 1. Habit of an entire young reticulate 
hypothallium with a single divided trichocyte (t). Fig. 2. Spreading edge portion of crust with a 
percurrent axis bearing epithallial cells (e) in lower portions and an undivided trichocyte distally. 
Fig. 3. Triangular propagule generating new reticula which quickly produce epithallia and bear 
trichocytes. 


bears little resemblance to our reticulate crusts. H. farinosum var. chalicodictyon often 
develops unconsolidated growth at the extremes of the crust, and this is also true of the 
reticulate Bermuda specimens. In our collections, occasional cell rows become percurrent, 
exhibiting an alternate branching pattern with meshes forming to the right and left of the 
nearly straight cell rows (Fig. 2), giving the edge of the crust a less compact appearance. 
These alternating nets off the percurrent axes eventually fill in as shown by larger reticula 
with straight axes running through them. 

Such thin crusts as we have described with abundant trichocytes are typical of 
warm-water and high light intensity environments (Irvine & Chamberlain, 1994). Cer- 
tainly, our specimens at depths as great as 40 m are growing in diminished light intensities 
despite the clarity of midsummer warm Bermuda waters. Even though the habit of our 
Hydrolithon crusts is apparently unique, Irvine & Chamberlain (1994) have found that it 
“now seems unnecessary formally to name sporadically occurring, unconsolidated growth 
forms as taxonomic entities,” due to the morphological variability not only within species 
but within populations. At this point, we choose simply to illustrate the characteristics of 
our offshore reticulate H. farinosum, as they appear to display a singular growth form not 
previously known in the Corallinales. 
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RHODYMENIALES, CHAMPIACEAE 


Champia parvula (C.Agardh) Harv. var. prostrata L.G.Williams in Pearse 
& L.G.Williams 1951: 155 


Type locality: New River Inlet, Onslow Bay, North Carolina, western Atlantic. 
Collections: Bermuda-CWS/RBS 85-23-14, ®, 19 June 1985, The Spit, northeast of Little 
Head, St Davids Is., 32° 22.4’ N, 64° 38.5’ W, depth 1-12 m, on Galaxaura obtusata (J. Ellis 
et Sol.) JV. Lamour; CWS 96-5-11, ®, 3 July 1996, Bailey’s Bay, Bermuda Is., 
32° 20.8’ N, 64° 43.4’ W, depth 3-4 m, on Dictyota neglecta HGrnig et Schnetter. 


Remarks: The Bermuda specimens are distinctly flattened except in the most basal 
portions, segments are obviously constricted at the nodes, and globose tetrahedral spo- 
rangia (50-70 um in diameter) are densely clustered in several adjoining segments, confor- 
ming to Champia parvula var. prostrata previously reported only from deep water in the 
southeastern United States (Schneider & Searles, 1991), Williams (1951) never designated 
a holotype for his new variety. The only original material cited in the protologue found in 
DUKE or US, the repositories of the bulk of Williams’ collections, is DUKE Acc. 
No 00969 1, and this specimen is herein designated as the lectotype according to Art. 9.2 of 
the ICBN (Greuter et al., 1994), Both the lectotype and Bermuda collections are very 
small and epiphytic, similar in size and axial dimensions to C. minuscula A.B.Joly & 
Ugadim, but they lack the small clustered cortical cells and terete axes of that species (Joly 
et al., 1965). The compressed axes are reminiscent of C. compressa Harv, and C. vieillardii 
Kiitz., two species with taxonomic distinctions pointed to in the recent literature (Millar, 
1990; Wynne, 1995). Unlike the lectotype and Bermuda plants here attributed to C. 
parvula var. prostrata, among other things C. compressa is pinnately branched and C. 
vieillardii, with its segments much broader than long, lacks constrictions at the nodes. 





CERAMIALES, CERAMIACEAE 


Balliella pseudocorticata (E.Y. Dawson) D.N. Young 1981: 94 
Fig. 4 


Basionym: Antithamnion pseudocorticatum E.Y. Dawson 1962: 20 

‘Type locality: San Lorenzo Channel, La Paz, Baja California del Sur, Pacific Mexico. 
Collection: Bermuda-CWS/RBS 85-5-14, 85-5-24, 7 June 1985, north of Pilchard Dicks, 
northwest of Somerset Is., 32° 23.6’ N, 64° 55.0’ W, depth 32 m. 


Remarks: On the basis of his phylogenetic analysis of the Ceramiaceae, Athanasiadis 
(1996) removed Balliella from the subfamily Ceramioideae, placing it in the tribe Deles- 
seriopseae rather than in the Antithamnieae as proposed by Huisman & Kraft (1984). 
Bermuda plants are slightly larger (to 7 mm), have little rhizoidal cortication and 
somewhat smaller axial cells than the protologue from the Pacific Ocean (Dawson, 1962), 
1, LGW, 22 July 1949, Onslow Co., North Carolina, off New River Inlet on Amphiroa brasiliana 
Decne. [= A. beauvoisii JV. Lamour, depth 6 m, cystocarpic 


Source - MNHN. Paris 








Figs 4-9, Bermuda Ceramiales. Fig, 4, Balliella pseudocorticata, habit. Scale bar = 100 jim. Figs 5-6. 
Grallatoria reptans. Fig. 5. Stilt-walking habit, Scale bar = 0.5 mm. Fig. 6. Polysporangia on upper 
portion of whorl-branch, Scale bar = 50 m. Figs 7-9. Wrangelia argus. Fig. 7. Axial portion of 
upright indeterminate axis showing habit of determinate whorl-branches, Scale bar = 100 um. Fig. 8. 
Habit of indeterminate axis with unilateral development of secondary indeterminate axes from basal 
cells of whorl-branches. Scale bar = 0.5 mm. Fig. 9. Stilt-walking habit with attaching digitate 


thizoids. Scale bar = 150 pm. Fig. 10. Herposiphonia secunda. Habit of a developing tip. Scale bar = 
200 um. 
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but otherwise these specimens are best identified with B. pseudocorticata. At their greatest, 
axial cells are 65 um in diameter and 190 um long. Abaxial gland cells are occasionally 
paired with a smaller second one as noted in Baja California and Galapagos Is. specimens 
(Young, 1981). Like the only other known plants from the Atlantic Ocean (Hoek, 1978, as 
Bakothamnion curassavicum C.Hoek; Ballantine & Wynne, 1986; Hanisak & Blair, 1988), 
the Bermuda specimens are vegetative which makes the species determination problematic 
(Huisman & Kraft, 1984). 


Diplothamnion jolyi C.Hoek 1978: 51 


Type locality: Klein Piscadera, Curagao, Lesser Antilles, Caribbean Sea. 

Selected collections: Bermuda-CWS/RBS 83-4-27, 5 Aug. 1983, east of St Catherine's 
Point, 32° 23.9’ N, 64° 34.3’ W, depth 18-21 m; CWS/RBS 83-5-34, 6 Aug. 1983, southeast 
of Southampton Is. and Gurnet Rock, 32° 19.9’ N, 64° 39.3’ W, depth 20-28 m; CWS/RBS 
83-6-7, 6 Aug. 1983, due south of Soldiers Pt, St Davids Is., 32° 19.8’ N, 64° 39.3’ W, depth 
47-50 m; CWS/RBS 85-2-16, 6 June 1985, southwest of Chub Heads, due west of Elys 
Harbor, 32° 17.6’ N, 65° 01.0’ W, depth 19 m; CWS/RBS 85-15-17, 13 June 1985, nor- 
theast of Great Head, St Davids Is,, 32° 22.8’ N, 64° 36.4’ W, depth 30-34 m; CWS/RBS 
85-18-11, 15 June 1985, south of Christian Bay, southwest end Bermuda Is., 32° 13.2’ N, 
64° 50.7’ W, depth 27-40 m. 


Remarks: All of the abundant specimens of Diplothamnion jolyi thus far obtained in 
Bermuda are epiphytic on other deep-water algae and are vegetative. Sexual plants of this 
species were reported for the first time from the Canary Islands (Sansón & Reyes, 1994), 
and they supported Gordon’s (1972) provisional placement of the genus in the Sphondy- 
lothamnieae. Aside from the earlier reports from the Caribbean Sea and the Canaries, this 
species has recently been reported from Atlantic Florida (Hanisak & Blair, 1988), the Key 
Largo marine sanctuary (Bucher er a/., 1990) and for the first time in the Pacific from 
Hawaii (Hodgson & Abbott, 1992). 


Grallatoria reptans M.Howe 1920: 560 
Figs 5, 6 


Type locality: Great Ragged Is., Bahamas, western Atlantic. 
Collection: Bermuda-CWS/RBS 83-5-38, ®, 6 Aug. 1983, southeast of Southampton Is. 
and Gurnet Rock, 32° 19.9’ N, 64° 39.3’ W, depth 20-28 m. 


Remarks: Sporangial plants of this classic “stilt-walker”’ (Fig. 5) contain both tetrahedral 
tetrasporangia and polysporangia (Fig. 6). Although this is the first report of polysporan- 
gia for Grallatoria reptans, these could possibly be the “ovoid, globose or pyriform densely 
granular cysts 60-150 um diameter occasional” mentioned in the protologue by Howe 
(1920). The polysporangia are slightly larger than tetrasporangia and often appear 
granular, but the largest only reach 30 um in diameter and 48 um long. Although Abbott 
(1976) placed this species in Callithamniella, Wynne & Ballantine (1985) offered substan- 
tive characters for retaining Grallatoria as a separate genus. The superficially similar 
Callithamniella tingitana (Schousb. ex Bornet) Feldm.-Maz. was also recently reported 
from deep Bermuda offshore waters (Schneider & Searles, 1997). 

Bermuda represents the third known site for Grallatoria reptans outside the 
Caribbean Sea with earlier reports from eastern Florida (Hanisak & Blair, 1988) and the 
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Canary Islands (Sansón, 1994). As is true for other small and creeping, epiphytic algae 
which are easily overlooked, or those that reside in only deeper water where collections are 
infrequent at best, G. reptans probably has a much wider distribution than is presently 
known at least in the Atlantic Ocean if not in other tropical seas. 


Wrangelia argus (Mont. in Webb & Berthel.) Mont. 1856: 444 
Figs 7-9 


Basionym: Griffithsia argus Mont. in Webb & Berthel. 1841 [1839-1842]: 176 

Type locality: Canary Islands, eastern Atlantic. 

Collections: Bermuda — CWS/RBS 83-5-1, 6 Aug. 1983, southeast of Southampton Is. 
and Gurnet Rock, 32° 19.9’ N, 64° 39.3’ W, depth 20-28 m; CWS/RBS 83-7-18, 7 Aug. 
1983, south of Warwick Long Bay, Bermuda Is., 32° 13.8’ N, 64° 48.5’ W, depth 40-44 m; 
CWSIRBS 85-1-10, 5 June 1985, south of Sinky Bay, 32° 13.0’ N, 64° 50.5’ W, depth 31 m; 
CWSIRBS 85-18-8, 15 June 1985, south of Christian Bay, southwest end Bermuda Is., 
32° 13.2’ N, 64° 50.7’ W, depth 27-40 m. 


Remarks: It is surprising that prior to this report Wrangelia argus had not been collected in 
Bermuda given its range in the western Atlantic from Florida to Brazil and extensive 
distribution in the Gulf of Mexico and Caribbean (Taylor, 1960; Joly & Cordeiro, 1962). 
The deep-water specimens reported here have all been found as velvety turfs to 1 cm high 
on Lobophora variegata (J.V.Lamour.) Womersley ex E.C.Oliveira. Their main axes are to 
230 um in diameter although most often closer to 160 jm and each axial cell bears 3-4 (-5) 
determinate whorl-branches mostly developed to three orders of branching (Fig. 7). The 
more diminutive and also ecorticate W. dumontii (E.Y.Dawson) L.A.Abbott from the 
Pacific regularly produces three whorl-branches from a node, and W. argus from the 
Caribbean, produces four, or occasionally five, whorl-branches (Abbott, 1979). Erect 
indeterminate axes arise unilaterally from the basal cells of whorl-branches issued from 
extensive prostrate axes (Fig. 8), similar to those reported for W argus from St Croix by 
Abbott (1979). The tips of most indeterminate branches slightly curve towards the side of 
indeterminate branches which are issued from them. As is typical for the species, some, but 
not all, Bermuda HW argus specimens develop delicate, loose cortication around nodal 
regions by wrapping the delicate, curved determinate whorl-branchlets issued from whorl- 
branch basal cells around the axes (see Borgesen, 1916, fig. 125). Many nodes are 
completely naked. Prostrate axes are attached by multicellular rhizoids cut off from basal 
cells of whorl-branches, developing digitate tips upon contact with the host (Fig. 9). 
Therefore, W. argus has a similar spreading habit not only to W. dumontii , but also to 
Grallatoria reptans with which it grows near Gurnet Rock (coll. 83-5). 

The presence of 3 whorl-branches on some or all nodes of certain plants adds to 
the variability in habit and axial dimensions that we have found for Wrangelia argus in 
DUKE and MICH, and we choose to retain our vegetative specimens under this epithet. 
Two larger, corticated species in the genus, W. bicuspidata Børgesen and W. penicillata (C. 
Agardh) C. Agardh, have previously been reported from Bermuda (Collins & Hervey, 
1917; Taylor, 1960). 


Source : MNHN, Paris 
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DASYACEAE 


Halydictyon mirabile Zanardini 1843: 52 


Type locality: Adriatic Sea, Mediterranean. 

Collections: Bermuda-CWS/RBS 83-8-24, 7 Aug. 1983, Jacks Flats, east of St Georges Is., 
32° 23.1’ N, 64° 38.0’ W, depth 15-18.5 m; CWS/RBS 85-15-24, 13 June 1985, northeast of 
Great Head, St Davids Is., 32° 22.8’ N, 64° 36.4’ W, depth 30-34 m. 


Remarks: Although Taylor (1928) noted this species as having been reported for Bermuda 
in his treatise on Florida marine algae, we can find no early records or specimens to 
substantiate this claim, including a search in MICH, the repository of Taylor’s extensive 
collections, However, at a later time, Taylor (1961) attributed some “very scarce” net- 
forming Bermuda specimens to Halydictyon mirabile amidst the treatment of his new 
genus Rhododictyon. We too, have collected H. mirabile in Bermuda, but only from a few 
deep-water locations. Bucher & Norris (1995) summarized the recent distributional 
reports of this species in the western Atlantic. 





Heterosiphonia crispella (C.Agardh) M.J.Wynne var. laxa (Børgesen) 
M.J.Wynne 1985b: 87 


Basionym: Heterosiphonia wurdemannii (Bailey ex Harv.) Falkenb. var. laxa Børgesen 
1919: 327 

Type locality: St Croix, Virgin Islands, Lesser Antilles, Caribbean Sea. 

Selected collections: Bermuda-CWS/RBS 83-4-26, 5 Aug. 1983, east of St Catherine’s 
Point, 32° 23.9’ N, 64° 34.3’ W, depth 18-21 m; CWS/RBS 85-2-39, 6 June 1985, southwest 
of Chub Heads, due west of Elys Harbor, 32° 17.6" N, 65° 01.0’ W, depth 19 m; CWS/RBS 
85-9-18, 8 June 1985, northeast of Northeast Breakers, 32° 31.2’ N, 64° 39.6’ W, depth 
37 m; CWS/RBS 85-20-5, 15 June 1985, southwest of Long Bar, Bermuda Is., 32° 13.7’ N, 
65° 01.0’ W, 24-27 m; CWS 92-3-2, ®, 19 June 1992, Walsingham Pond, 32° 20.7’ N, 
64° 42.8’ W, depth 0-1 m; CWS 92-5-4, 21 June 1992, Horseshoe Bay, 32° 15.0’ N, 
64° 49.2’ W, in drift; CWS 96-2-9, ®, 1 July 1996, Harrington Sound, east side of Flatts 
Inlet bridge, 32° 19.4’ N, 64° 44.2’ W, depth 1-3 m, on tunicates; CWS 96-4-14, 2 July 1996, 
Coot Pond, Achilles Bay, St Georges Is., 32° 23.2’ N, 64° 40.66’ W, depth | m. 


Remarks: Børgesen (1919, as Heterosiphonia wurdemanni) remarked that although Falk- 
enberg (1901) had speculated that var. laxa might be a “deep sea form”, he had found both 
var. typica and var. laxa in shallow and deep-water collections. We have collected H. 
crispella var. laxa from just below the low water mark to 37 m offshore corroborating 
Borgesen’s finding in the Caribbean Sea. This variety has been widely reported in the 
literature for the western Atlantic since Taylor (1960, as H. wurdemanni var. laxa) 
(Guimarães ef al., 1981; Schneider & Searles, 1991; Bucher & Norris, 1995), and its 
presence in Bermuda adds to its widespread distribution. Interestingly, 2 B.-A. No 2097 
(Collins ef al., 1916), distributed as H. wurdemanni from Harrington Sound, Bermuda, 
prior to the erection of Borgesen’s new variety, is also representative of H. crispella var. 
laxa (P.B.-A. 597 from Key West, Florida represents typical var, crispella [Collins et al., 
1899a]). Schlech & Abbott (1989) have suggested that the varieties of H. crispella are 
unnecessary based upon continuous variation in some Hawaiian specimens, but we will 
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Fig. 11. Herposiphonia secunda. Habit of the growing tip of a tetrasporangial specimen. Scale bar = 
mm. 


continue to use the infraspecific entities which are separable in the western Atlantic until a 
definitive study is made. 


RHODOMELACEAE 


Herposiphonia secunda (C.Agardh) Ambronn 1880: 197 
Figs 10, 11 


Basionym: Hutchinsia secunda C. Agardh 1824: 149 
Type locality: Mediterranean Sea. 


Source : MNHN. Paris 
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Collections: Bermuda-CWS/RBS 85-1-23, @, 5 June 1985, south of Sinky Bay, 
32° 13.0’ N, 64° 50.5’ W, depth 31 m, on Dictyota; CWS/RBS 85-5-6, ®, 7 June 1985, north 
of Pilchard Dicks, northwest of Somerset Is., 32° 23.6’ N, 64° 55.0’ W, depth 35 m, on 
Stypopodium. 


Remarks: Herposiphonia secundaisa species which has had considerable taxonomic confu- 
sion and controversy over time (Hollenberg, 1968c; Wynne, 1985a). Some workers consi- 
der H. tenella (C. Agardh) Ambronn a form of H. secunda, while others continue to 
recognize two separate species, though not always for the same reason (see Wynne, 1985a; 
Schneider & Searles, 1991). Branching pattern, including the arrangement of determinate 
(d) and indeterminate (i) laterals as well as the occurrence of unbranched or “naked” 
nodes (n), has been classically used to differentiate the two (Taylor, 1960), but variation in 
this character within populations of both has been demonstrated (Morrill, 1976). The 
basic branching pattern for H. renella (and the most common pattern for other species in 
the genus) involves a dorsal branch from every segment in a sequence of determinate and 
indeterminate branches in a repetitive pattern of d/d/d/i. Determinate branches are 
alternately displaced to the left (1) and right (r) with the most distal branch on the same side 
as the next distal indeterminate branch, thus in actuality the pattern is precisely 
Id/rd/Id/li/rd/Id/rd/ri or 8 periaxial segments from base to apex before repeating the entire 
sequence (Ambronn, 1880; Falkenberg, 1901; Borgesen, 1918; Schneider & Walde, 1992, 
fig. 1). All species of Herposiphonia, including H. tenella, exhibit some variation in 
branching pattern and these differences are usually mentioned in species’ descriptions. 

Herposiphonia secunda has been described as having a basic branching pattern 
with 1-4 naked nodes interrupting the pattern of determinate and indeterminate branches 
(Ambronn, 1880; Taylor, 1960; Hollenberg, 1968c). Bermuda specimens here assigned to 
H. secunda have a fairly consistent branching pattern of a determinate branch preceded 
distally by one rudimentary, or at least somewhat developed, indeterminate branch and 
then one naked node. Examination of several specimens shows that although d/i/n (base to 
apex) is the most common pattern for H. secunda offshore in Bermuda, occasional axes 
have a greater or lesser number of naked nodes, Precisely, Bermuda specimens have a 
6-repeating pattern of Id/li/n/rd/ri/n, clearly following the left and right sequence of 
Mediterranean plants illustrated by Falkenberg (1901, pl. 3, fig. 11). This d/i/n/d/i/n 
pattern has subsequently been illustrated by several workers (Price & Scott, 1992, fig. 61b; 
Børgesen, 1918, upper fig. 289, as H. tenella; Joly, 1965, fig. 648; Abbott & Hollenberg, 
1976, fig. 668, as H. tenella f. secunda), but Børgesen (1920, lower fig. 429) shows the 
6-repeating pattern for this species sequenced differently (d/n/i/d/n/i). In some portions of 
certain Bermuda specimens, the branching abruptly becomes repetitive d/i/d/i lacking 
naked nodes and similar to the basic pattern illustrated for H. xaymaca V.J. Chapm. (1963, 
fig. 132c), a species distinguished from other Herposiphonia species mostly on this charac- 
ter, Specimens of H. xaymaca should be carefully checked for naked nodes and the 
6-segment repeating pattern shown for H. secunda, as it may well be a further variant of 
this morphologically variable taxon. 

Interestingly, Ambronn (1880, PI. IV, fig. 17 [I1]) demonstrates a base to apex 
branching pattern for Herposiphonia secunda mostly of 8-segment repeating units of 
d/i/n/n/d/i/n/n, similar to what he shows for H. tenella where determinate branches replace 
naked nodes (P1. IV, fig. 17[1]). Taylor (1960) states that H.secunda has “axes with an 
indeterminate branch or a rudiment of one usually preceding each [determinate] bran- 
chlet, these originating from every fifth or sixth node,” thus a 10- or 12-segment repeating 
pattern. All of the above repeating patterns of varying numbers of segmentsare currently 
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included under the pantropical H. secunda. It is important to carefully study the general 
branching pattern of Herposiphonia specimens/species as work using L-systems computer 
software to model branching topology has demonstrated the necessity of precise pattern 
rules to define relationships of species and genera in the dorsiventral Rhodomelaceae, the 
group to which it belongs (Schneider & Walde, 1992), 

Deep-water Bermuda specimens of Herposiphonia secunda have stout segments 
on determinate branches, 0.5-0.9 times as long as broad (Fig, 10), a characteristic noted by 
Falkenberg (1901) and Hollenberg (1968c) for plants from the Mediterranean (type 
locality), as well as illustrated by others from a variety of locales (e.g., Børgesen, 1918, 
lower fig. 289, as H. tenella; Dawson, 1963; Abbott & Hollenberg, 1976, as H. tenella f. 
secunda; Cribb, 1983, as H. tenella f. secunda). Tetrasporangia on our plants are formed in 
short to long spiraled series in distal portions of determinate axes (Fig. 11). This spiraled 
development has been clearly demonstrated for plants referred to this species from other 
places including the type locality, the Mediterranean Sea (Borgesen, 1930, fig. 45a; 
Dawson, 1963, pl. 140, fig. 2; Coppejans, 1983, pl. 246, fig. 2). 


DESCRIPTION: Because of the great variation among descriptions of this 
taxon throughout the world, a thorough description of plants of Herposiphonia secunda 
from Bermuda seems appropriate: 

Plants epiphytic and creeping, brownish red, attached by distally and ventrally 
issued, unicellular, pit-connected rhizoids, these often with digitate tips; prostrate indeter- 
minate axes 80-130 jum in diameter with 8 periaxial cells, segments 0.5-3.0 times as long as 
broad, mostly bearing a repetitive branching pattern of a determinate branch followed by 
a naked node and then an indeterminate primordium or branch; determinate branch tips 
slightly upturned, with young determinate branches curling towards them and mostly 
overtopping; erect indeterminate branches mostly remaining rudimentary, those deve- 
loping following the pattern of the main axis; determinate branches simple, slightly 
tapering to the base, 0.5-1.4mm tall, 60-95 um in diameter, 12-14 (-18) segments long, each 
segment 0.5-0.9 times as long as broad, terminally bearing 2-4 times dichotomously 
branched trichoblasts, becoming deciduous on older determinates, remaining rudimen- 
tary on others; tetrasporangia globose, 60-110 um in diameter, one per segment, formed in 
a continuous or broken spiraled series of 10-12, swelling the fertile branch to 185 pm in 


diameter at maturity giving it a nodulose appearance, in distal portions of determinate 
branches. 


Polysiphonia tongatensis Hary. ex Kiitz, 1864: 14, pl. 41, figs a-d 
Figs 12-14 


= Polysiphonia senticulosa sensu Mrs E.Snyder in Collins, Holden & Setchell 1899b, 
P.B.-A. 638a, b (not P. senticulosa Harv. 1862: 169) 

P. eastwoodiae Setch. et N.L.Gardner 1930: 161 [as P eastwoodae] 
= P snyderiae Kylin 1941: 35, pl. 12, fig. 34 [as P. snyderae] 

P. aquamara 1.A.Abbott 1947; 212 
= P. mollis sensu Hollenb. 1961: 359, 1968a: 69 [not fig. 43] (not P. mollis Hook. f. et 
Harv, in Harv, 1847: 43) 
= P. mollis Hook. f. et Harv. yar. tongatensis (Harv. ex Kütz.) Hollenb. ex PC. Silva, 
Meñez & R.L.Moe 1987: 70 
Type locality: Tonga, Friendly Is., south Pacific. 
Collections: Bermuda-CWS/RBS 85-3-14, 2 , ®, 6 June 1985, southwest of Chub Heads, 


Source : MNHN. Paris 





Figs 12-19. Bermuda Polysiphonia species. Figs 12-14. P tongatensis. Fig, 12. Apex of tetrasporangial 
specimen. Scale bar = 250 um. Fig. 13. Apex of a spermatangial specimen. Scale bar = 200 um. 
Fig. 14. Cystocarps, Scale bar = 250 um, Fig. 15. P exilis, habit showing dorsally issued upright axes 
and ventral rhizoids. Scale bar = 0.5 mm. Figs 16-18. P flaccidissima. Fig. 16, Prostrate axis habit with 
dorsally issued upright axes and ventral rhizoids. Scale bar = 200 jum, Fig. 17. Tip segments showing 
the origin of lateral branches. Scale bar = 100 um. Fig. 18. Apex of a spermatangial specimen. Scale 
bar = 100 um. Fig. 19. P sphaerocarpa, cystocarp. Scale bar = 100 um 
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32° 17.6’ N, 65° 02.0’ W, depth 27 m; CWS/RBS 85-23-19, 2 , ®, 19 June 1985, The Spit, 
northeast of Little Head, St Davids Is, 32° 22.4’ N, 64° 38.5 W, depth 1-12 m; CWS 
96-4-12, 9, 3, ®, 2 July 1996, Coot Pond, Achilles Bay, St Georges Is., 32° 23.2’ N, 64° 
40.66’ W, depth 1 m. 


Remarks: We have collected plants in Bermuda which conform to recent Atlantic and 
Pacific records of Polysiphonia eastwoodiae Setch, et N.L.Gardner (1930; type locality, 
Guadalupe Is., off Pacific Baja California), a large, erect, basally affixed species with 
dramatic tapering from base to apex. However, we have also discovered confusing taxo- 
nomy and nomenclature associated with the binomial P eastwoodiae, as highlighted in 
various publications of G.J. Hollenberg. In his monographic treatment of Polysiphonia 
from Pacific Mexico, Hollenberg (1961, p. 359) listed P eastwoodiae along with P 
snyderiae as heterotypic synonyms of P. mollis, later adding P. aquamara from Hawaii 
(1968a). Subsequent publications from the Pacific Ocean followed Hollenberg’s lead in 
referring ‘eastwoodiae’ specimens to P. mollis (e.g., Meñez, 1964; Abbott & Hollenberg, 
1976; Hollenberg & Norris, 1977). But when Womersley (1979, p. 477) pointed out that 
branches in the Harvey type (Tasmania) and his own South Australian material of P 
mollis arose in the axils of trichoblasts, unlike the known cicatrigenous branching in P 
eastwoodiae, it was obvious that there were at least two similar Pacific entities based upon 
this well-accepted branching criterion for Polysiphonia. 

Other specimens that some workers considered, at least for a time, best placed in 
Polysiphonia mollis along with P. eastwoodiae were certain collections attributed to P 
tongatensis (Hollenberg, 1961; Hollenberg & Norris, 1977, but carefully excluding the 
original Tonga material of P tongatensis), including a potential new variety from Guada- 
lupe Is. (unnamed due to its fragmentary nature, Setchell & Gardner, 1930) and specimens 
from Japan (Segi, 1951). Prior to Womersley’s (1979) clarification of P mollis, Hollenberg 
(1968a, p. 69) proposed a new status for P. tongatensis as P. mollis var. tongatensis (Harv. ex 
Kiitz.) Hollenb., but without proper validation [Art. 33 ICBN, Greuter er al., 1994; this 
taxon was validated in the Silva er al. Philippines catalogue (1987, p. 70) and would 
correctly be cited as P mollis var. tongatensis (Hary. ex Kitz.) Hollenb. ex PC. Silva, 
Meñez et R.L. Moe]. When Kützing (1864) described P tongatensis Harvey ined., he did 
not illustrate or describe the origin of branching necessary for later workers to show 
conspecificity with P. mollis, Neither did Grunow (1874) when he discussed the similarities 
of these two species and compared Graeffe’s specimens with Haryey’s from Tonga. Since 
then, there have been conflicting reports on branch origins, For Japanese plants attributed 
to P. tongatensis, Segi (1951, p. 207) reported that “branchlets [arise] in patent axils,” 
whereas Borgesen (1954, p. 38) unequivocally stated that his Mauritian specimens showed 
branches replacing trichoblasts. Both authors report looking at Setchell material of P 
tongatensis from Tahiti (UC 261338), yet neither mention any observations directly on 
type material. 

In an attempt to clarify the confusion, we have observed the two sets of Harvey's 
(1857) Friendly Is. Exsiccata (Tonga, No 14, Polysiphonia tongatensis Harv.) housed in 
MICH, each consisting of two cards (ultimately originating from two different sources, the 
Brooklyn Institute Museum and the collection of A.R. Young). We assume that the 
collection Kützing cited in the protologue (1864, p. 14) is the exsiccata housed in Leiden 
and represents the holotype (Rec. 9A.4 ICBN, Greuter et al., 1994). Actually, this 
specimen (L 941.240-178) containing the notation “Friendly Is., Herb. Sonder” on the 
label in Kiitzing’s hand is apparently a portion of the holotype “Tonga, No 14” presuma- 
bly now housed in MEL, the repository of the bulk of Sonder’s herbarium (two Harvey 
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specimens exist in MEL [T. Entwisle, pers. comm.]). Thus, all of the other widely 
distributed Harvey Friendly Is. duplicates, “14, Tonga,” including those we have observed 
in MICH, are considered isotypes (Art. 9.3). We have found no evidence of anything other 
than cicatrigenous branching in these specimens that were observed with trichoblasts 
intact, and as discussed below, find no vegetative or reproductive characters to differenti- 
ate this species from P eastwoodiae. Thus, we can substantiate earlier claims of the 
conspecificity of the antecedent P tongatensis and its heterotypic synonym, P. eastwoo- 
diae. Furthermore, because P. tongatensis lacks branches arising from the basal cells of 
intact trichoblasts, based upon mode of branching alone, it cannot be an infraspecific 
taxon of P mollis. 

Polysiphonia tongatensis, like P. eastwoodiae, has been widely reported in the 
Indo-Pacific (Tsuda & Wray, 1977; Silva et al., 1987; South & Kasahara, 1992; Yoshida et 
al., 1995; Silva et al., 1996). P. eastwoodiae has also been reported in the Atlantic Ocean 
from Venezuela (Kapraun et al., 1983), Brazil (Yoneshigue & Villaça, 1986) and Mexico 
(Aguilar Rosas er al., 1992). Kapraun et al. (1983) compared their Atlantic plants with the 
AHFH isotype of P. eastwoodiae as well as Pacific Mexico specimens of P. mollis sensu 
Hollenberg (1961, 1968a), The Bermuda specimens represent the first report of this species 
complex in the Atlantic north of South America. Adding our Bermuda collections of P 
tongatensis to the above reports from the Atlantic makes it seems unlikely that the 
occurrence of this species in the Caribbean/Atlantic represents a new arrival via the 
Panama Canal as considered by Kapraun et al. (1983, as P. eastwoodiae); rather P 
tongatensis appears to be a taxon with a broad geographic distribution in 
tropical/subtropical seas, similar to many other species in the genus (see following account 
of P sphaerocarpa Borgesen). 

Our specimens from Coot Pond were epiphytic on other algae in a tangled mat 
which included Jania adhaerens J.V.Lamour., Centroceras clavulatum (C.Agardh in Kunth) 
Mont. in Durieu, Ceramium cimbricum H.E.Petersen in Rosenv., C. flaccidum (Kütz.) 
Ardiss,, Spyridia hypnoides (Bory in Bél.) Papenf., Chondria polyrhiza Collins et Herv., and 
Polysiphonia flaccidissima Hollenb. on weathered volcanic rock in the bay, Offshore P 
tongatensis was found growing on Laurencia obtusa (Huds.) J.V. Lamour. and Cladophora 
longicellulata C.Hoek. This primarily erect species is characterized by subdichotomous 
branches replacing trichoblasts in the spiral sequence at the apices (Fig. 12). Trichoblasts 
are issued one per segment in a 1/4 spiral and are tufted at the tips, later becoming 
deciduous, leaving persistent scar cells. Børgesen (1954) reports that trichoblasts in his 
Mauritian specimens are issued in a 1/4 spiral, but only on every other segment, not 
conforming with other observations for P tøngatensis. Bermuda specimens arise from 
thizoidal holdfasts and reach nearly 2 cm in height, and thus, although agreeing in mode 
of attachment, are considerably smaller than the type material (4-6 cm) and other Pacific. 
collections (5-8 cm, Kylin, 1941, as P snyderiae: to 8 em, Abbott, 1947, as P aquamara). 
Main axes can become secondarily attached from proximally issued rhizoids, occasionally 
more than one per cell, which are cut off from one or more of the four periaxial cells in each 
segment. The plants are somewhat rigid below and the axes taper dramatically from base 
to apices (see Yoneshigue & Villaça, 1986, fig. 10, as P eastwoodiae); axial segments are 
310-350 um in diameter just above the only slightly flared basal attachments, in median 
sections they are 150-220 um in diameter further tapering to 30-50 yum in diameter below 
the apices. The four isotypes of P. tongatensis show segments 300-350 um in diameter near 
the base and tapering upwards to similar dimensions as in the Bermuda material. In the 
protologue of P. eastwoodiae (Setchell & Gardner, 1930) and other Pacific accounts, basal 
segments are 350-400 jum in diameter; those reported from the Atlantic as P eastwoodiae 
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are 200-300 um, but otherwise the vegetative characteristics fit P tongatensis well. Two 
other primarily erect species that show similar marked decreases in diameter over their 
axes include P gorgoniae Harv. and P. binneyi Harv., only the latter being known in 
Bermuda (Taylor, 1960), Both of these species, however, haye branch development in the 
axils of trichoblasts (Kapraun, 1979, fig. 22; Kapraun et al., 1983, fig.4). Unlike P 
ferulacea Suhr ex J. Agardh, a species with similar branch and rhizoid development also 
known from Bermuda, P. tongatensis has segments in median portions which are approxi- 
mately 1.5-3 times as long as broad (Figs 13, 14). P ferulacea has stout segments 
throughout (one or less times as long as broad) and much shorter spindle-shaped branches 
which would not be confused with P. tongatensis. 

Tetrasporangia in the Bermuda specimens are formed in short, occasionally 
broken, spiral series in upper portions of the branches, noticably swelling the segments at 
maturity (Fig. 12). One of the MICH Harvey specimens shows immature tetrasporangia 
in similar subapical series. Kajimura (1979, p. 120, fig. 4) reports subterminal, tightly 
bound, spiraled-series of tetrasporangia in ultimate branches for Polysiphonia tongatensis 
from Japan. But because of the reported branching ontogeny of the specimens reported by 
Segi (1951), the reports of P. tongatensis from Japan are to held in question until further 
investigation is made. In Bermuda, a single sporangium is formed per segment, and they 
range from slightly elongate to globose and 40-80 jum in diameter basically with the 
smaller tetrasporangia in the offshore collections and the larger ones in shallow water. The 
range of tetrasporangial sizes is smaller than the protologue description of P eastwoodiae 
(90-110 jim, Setchell & Gardner, 1930) but slightly larger than other collections from the 
Pacific (50-60 pm, Young & Kapraun, 1985, as P eastwoodiae, 60-70 um, Hollenberg, 
1961, as P mollis) and Atlantic (50-62[-92] um, Yoneshigue & Villaça, 1986, as P. eastwoo- 
diae). This appears to be a somewhat variable character and given the newly proposed 
geographic range for P. tongatensis, this is hardly surprising. The spermatangial sori on 
one isotype card are remarkably well preserved, showing their formation on basal cells of 
trichoblasts, at times being subtended by persistent trichoblasts. They range from 
22-50 um in diameter and 90-200 um although some of the largest ones seem to have been 
squashed apart in pressing. In Bermuda, spermatangial sori are similarly formed and are 
25-65 um in diameter and 120-210 um long with or without a single vegetative tip cell 
(Fig. 13), a variable feature also seen in the male Tonga specimen. The first author's 
P.B.-A. specimen 638b of P tongatensis (Collins et al., 1899b, as P. senticulosa, San Diego, 
California), although purported to be tetrasporic, is actually a male specimen and the sori 
agree with the type. Bermuda cystocarps are short-stalked and ovoid with broad ostioles, 
220-250 um in diameter (Fig. 14), while those in one MICH isotype of P. tongatensis are 
morphologically similar and range from 210-300 jum in diameter. 












Polysiphonia exilis Hary. 1853: 47 
Fig, 15 


Type locality: Key West, Florida, western Atlantic, 

Collections: Bermuda-CWS/RBS 85-1-15,@, 5 June 1985, south of Sinky Bay, southwest 
end of Bermuda Is., 32° 13.0’ N, 64° 50.5’ W, depth 29 m; CWS/RBS 85-18-6, ®, 15 June 
1985, south of Christian Bay, southwest end Bermuda Is., 32° 13.2’ N, 64° 50.7’ W, depth 
27-40 m; CWS/RBS 85-19-9, ®, 15 June 1985, southwest of Long Bar, west of High Point, 
Bermuda Is., 32° 13.5’ N, 65° 01,3’ W, depth 30-34 m: CWS 96-6-10, 3 July 1996, 
Devonshire Bay, Bermuda Is, 32° 17.9’ N, 64° 44.7’ W, on littoral rock and algae, 
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Remarks; Polysiphonia exilis was reported from Bermuda during the last century by Dickie 
(1874), Hemsley (1884), and Murray (1888), but interestingly not by Collins & Hervey 
(1917) and Howe (1918) in their later, more complete summaries of the flora. Despite W.R. 
Taylor's extensive work with the Bermuda flora (Schneider & Searles, 1997), there are only 
two local specimens attributed to P. exilis in MICH, both belonging to the same collection 
from Trott’s Pond (A.J. Bernatowicz No 49-331), and we find these to be the similar P 
howei Hollenb. in W.R. Taylor (1945). 

We have made both inshore and offshore collections which reaffirm the presence 
of Polysiphonia exilis in the Bermudas, In the Devonshire Bay midlittoral, specimens to 3 
cm tall were found in the lower yellow zone associated with Cladophoropsis membranacea 
(C. Agardh) Børgesen and Laurencia papillosa (C. Agardh) Grev., just below the upper 
yellow zone where P howei is found as well in a ubiquitous horizontal stratum with 
Bostrychia tenella (J.V. Lamour.) J. Agardh (for zones refer to Stephenson & Stephenson, 
1972). All of the deep-water collections of P. exilis were epiphytic on Lobophora varie- 
gata. 





The 8-10 periaxial cells of Polysiphonia exilis line up in straight longitudinal 
rows (Fig. 15), while those of P howei (generally 10-12) are offset from segment to segment 
(Hollenberg, 1968b, figs 1D, 2A, 3C), Axial segments of 2 ex: re shorter than those of 
P. howei, often less than half as long as broad in both prostrate and erect axes. Erect 
branches of P exilis arise mostly from the dorsal surface of prostrate axes and rhizoids are 
cut off from median or proximal positions of ventral periaxial cells (Fig. 15; Hollenberg, 
1968b), unlike P howei (radial disposition of branches, distal rhizoids) (Taylor, 1945). 
Both species develop thicker axes in Bermuda than previously reported elsewhere, P exilis 
to 230 um in diameter and P howei to 210 um in diameter. 





Polysiphonia flaccidissima Hollenb. 1942: 783 
Figs 16-18 


Type locality: Laguna Beach, California, eastern Pacific. 

Collections: Bermuda-CWS/RBS 83-4-3, 5 Aug. 1983, east of St Catherine’s Point, 
32° 23,9’ N, 64° 34.3’ W, depth 18-21 m; CWS/RBS 83-8-32, 7 Aug. 1983, Jacks Flats, east 
of St Georges Is., 32° 23.1’ N, 64° 38.0’ W, depth 15-18.5m; CWS/RBS 85-5-10, 3,7 June 
1985, north of Pilchard Dicks, northwest of Somerset Is., 32° 23.6’ N, 64° 55.0’ W, depth 
32 m; CWS/RBS 85-15-12, ®, 13 June 1985, northeast of Great Head, St Davids 1s., 
32° 22.8" N, 64° 36.4’ W, depth 30-34 m; CW'S 96-4-6, ®, 2 July 1996, Coot Pond, Achilles 
Bay, St Georges Is., 32° 23.2’ N, 64° 40.6’ W, depth 1 m, 


Remarks: Polysiphonia flaccidissima was found mixed with P tongatensis and others in an 
algal mat inshore, as well as to a depth of 34 m offshore. All of the specimens found were 
epiphytic on larger algal species, including Dictyota, Lobophora and Ceramium. Offshore, 
prostrate axes range from 50-85 jm in diameter and erect axes from 30-60 um in diameter; 
in the abundant Coot Pond inshore population, prostrate axes are | 10-200 um in diameter 
and erect axes are 60-100 jm in diameter. In general, prostrate axial segments are 1-3 times 
as long as broad and those of erect axes are 1-2 times as long as broad in median segments 
shortening to half or less as long as broad at the apices. Branches arise in the axils of 
trichoblasts and are distinctly alternate, the spindle-shaped branchlets often appearing to 
be pinnate (Fig. 17), Conspicuous scar cells remain after the trichoblasts are lost and 
thizoids are cut off from the proximal ends of periaxial cells of prostrate segments 
(Fig. 16). 
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Tetrasporangia are formed in short, often broken, spiral series in upper portions 
of the branches, one per segment, and they are elongate when initiated, mostly swelling to 
subglobose at maturity and 22-40 um in diameter by 30-75 um long. The short series of 
elongate tetrasporangia are reminiscent of Brazilian plants illustrated by Yoneshigue & 
Villaga (1986), but unlike long, globose series elsewhere (Kapraun, 1979; Kapraun et al., 
1983; Young & Kapraun, 1985). Elliptical spermatangial sori are formed on the basal cells 
of trichoblasts and are subtended by the trichoblasts (Fig. 18). These sori are 22-48 um in 
diameter and 105-125 um long and mostly lack vegetative tip cells, similar to specimens 
from Brazil (Yoneshigue & Villaça, 1986), In the Pacific, male sori of Polysiphonia 
flaccidissima are “lanceolate, 30-40 x 150-180 4m, mostly with a tip of 1-3 sterile cells” 
(Young & Kapraun, 1985). Nevertheless, the Bermudian and Brazilian plants appear to be 
best associated with P. flaccidissima for the present. 

Although Womersley (1979) found Polysiphonia flaccidissima likely to be cons- 
pecific with the Mediterranean P sertularioides (Gratel.) J. Agardh, few have followed his 
lead and recently Kim & Lee (1996) highlighted differences between them, including 
cicatrigenous branching in the latter, 





Polysiphonia sphaerocarpa Borgesen 1918: 271 
Fig. 19 


‘Type locality: Store Nordsidebugt, St Thomas, Virgin Islands, Greater Antilles, Caribbean 
Sea. 

Collections: Bermuda-CHWS/RBS 83-8-19, 2,7 Aug. 1983, Jacks Flats, east of St Georges 
Is., 32° 23.1” N, 64° 38.0’ W, depth 15-18.5 m; CWS/RBS 85-1-12, , 5 June 1985, south 
of Sinky Bay, 32° 13.0’ N, 64° 50.5’ W, depth 31 m; CWS/RBS 85-5-37, 2, 7 June 1985, 
north of Pilchard Dicks, northwest of Somerset Is., 32° 23.6’ N, 64° 55.0’ W, depth 
32m. 


Remarks: Although Bermuda was not included in the distributional range of Polysiphonia 
sphaerocarpa by Taylor (1960), Hollenberg (1968a) mentioned collections from Bermuda 
by A.J. Bernatowicz which corresponded “closely in most respects with the Pacific 
specimens, including the enlarged cells on the rim of the pericarp.” Hollenberg did not 
thereafter cite these specimens under the ‘material examined’ of var, sphaerocarpa or his 
two new varieties of this binomial, but we must assume they belong in the former, a 
widespread taxon in tropical parts of the Atlantic, Pacific and Indian Oceans, Price & 
Scott (1992) have since questioned the utility of the varieties in this species. We can affirm 
the presence of P sphaerocarpa in the Bermudas based upon deep-water epiphytic 
collections we have made. 

This species is initially an erect species, often later becoming decumbent with 
attaching rhizoids cut off from periaxial cells, In our specimens, unicellular rhizoids are 
issued from the proximal ends of ventral periaxial cells, similar to plants of Cribb (1983), 
Yoneshigue & Villaça (1986), Stegenga & Vroman (1988) and Price & Scott (1992). All of 
these reports, however, are at odds with the distal rhizoids figured for Polysiphonia 
sphaerocarpa by Børgesen (1918, fig. 267a, text explanation). Many other reports of this 
species, including Hollenberg’s (1968a) first note of P. sphaerocarpa from the Pacific, only 
mention that the rhizoids are separate cells cut off from periaxial cells, but not the position 
on these cells. In all other features and dimensions, the Bermuda specimens fit those 
illustrated by Borgesen (1918, 1924), including the large ostiolar cells prominently featu- 
ted by other authors as a key characteristic (Fig. 19). 
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Spermatangial sori of Polysiphonia sphaerocarpa are illustrated as having dis- 
tinctly inflated vegetative tip cells by Børgesen (1924), but Yoneshigue & Villaça (1986) 
demonstrate male sori from Brazil without tip cells, and Price & Scott’s (1992) Australian 
sori have a single enlarged tip cell. Male plants have not as yet been located in Bermuda. 
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ABSTRACT — Nitophyllum adhaerens sp. nov. is described from Quintana Roo, Caribbean Mexico, 
with supplemental reports of its occurrence from Puerto Rico (Greater Antilles), St Croix and St 
Kitts (Lesser Antilles), the Bahamas, and Bermuda. It has been collected both from shallow water 
(1-2 m depth) down to a depth of 61 m Distinctive characteristics of the new species include its 
relatively small stature (10-15 mm in extent), the frequent production of marginal rhizoids resulting 
in its firmly attached, epiphytic habit, and the restriction of the tetrasporangial and spermatangial 
sori typically to terminal lobes. 


RÉSUMÉ — Nitophyllum adhaerens sp. nov. est décrit de Quintana Roo, Caraïbes Mexique, avec des 
indications supplémentaires de sa présence à Porto-Rico (Grandes Antilles), Sainte Croix et Saint 
Kitts (Petites Antilles), les Bahamas et les Bermudes. Il a été récolté dans des eaux peu profondes (1- 
2 m), mais aussi jusqu’à une profondeur de 61 m. Cette nouvelle espèce présente les caractéristiques 
distinctives suivantes: une taille relativement réduite (10-15 mm au total), la production fréquente de 
rhizoïdes marginaux qui lui permettent de s’ancrer solidement, d’être épiphyte et de posséder des 


sores de tétrasporocystes et de spermatocystes typiquement présents sur les seuls lobes terminaux, 
(Traduit par la Rédaction) 





KEY WORDS: Caribbean, Delesseriaceae, marine algae, Nitophyllum, N. adhaerens, Rhodophyta 


INTRODUCTION 


Recent floristic accounts of benthic marine algae from the tropical and subtro- 
pical western Atlantic have included Nitophyllum punctatum (Stackhouse) Greville and N. 
wilkinsoniae Collins & Hervey (Wynne, 1986). Some reports of the former species (Harvey, 
1853; Taylor, 1942) have later been questioned (Schneider & Searles, 1991), and some 
reports of the latter species have later been re-identified to be Myriogramme distromatica 
Boudouresque (Schneider & Searles, 1991). Other species that had at one time been 
included in a broadly circumscribed Nitophyllum have later been placed in segregate 
genera, such as N. medium Hoyt now placed in Calonitophyllum (Aregood, 1975) and N. 
lenormandii (Derbès & Solier) Rodriguez now placed in Haraldia (Feldmann, 1939). 
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Several collections of an alga that fits Nitophyllum on the basis of its vegetative structure 
and the organization of its female plants have been made from scattered locations in the 
tropical/subtropical western Atlantic. This alga appears to represent an undescribed 
species. Its delineation from the known species of Nitophyllum as well as other small 
Delesseriacean species with which it might be confused is the subject of this paper. 


MATERIALS AND METHODS 


Collections, which were made either by snorkeling in shallow depths or by 
SCUBA at relatively greater depths, were preserved in 5% formalin-seawater solution. 
Specimens of the Nitophyllum were usually found as rather inconspicuous epiphytes on 
coarser algae and picked off the hosts, Material was then placed on glass slides and stained 
with 1 % aniline blue acidified with dilute acetic acid. After the mounts were rinsed of 
excess stain, they were ringed with liquid glucose (Karo corn syrup) and placed in a 
warming oven to solidify. Some material was processed on the slides but not stained. A 
standard Zeiss research microscope equipped with a camera lucida was used to prepare the 
illustrations. Loans of specimens were received from Dr D. L. Ballantine (MSM), US, and 
from the private herbarium of Dr C. W. Schneider. Herbarium abbreviations follow 
Holmgren et al. (1990). 





OBSERVATIONS 
Vegetative structure 


Thalli are very delicate blades (Figs 1-5) tending to sprawl over and become 
firmly attached to the substrate, which are typically coarse algae such as Halimeda scabra 
Howe and Gracilaria spp., but can also be entangled with relatively small Jania adhaerens 
Lamouroux. In overall extent, thalli reach no more than 10-15 mm, and individual blades 
are 1.8-3.0 (-4.0) broad. Terminal segments are generally only 1.0mm broad. Growth is by 
marginal initials undergoing oblique segmentation (Fig. 6). Blades are essentially monos- 
tromatic (Fig. 8) but are occasionally distromatic in basal portions; there are no macros- 
copic or microscopic veins, Blades are about 40-45 pm in thickness in distal regions and up 
to 60 fm in more proximal portions. Blade margins are entire, but they are frequently 
interrupted by the production of marginal rhizoids (Figs 1-2), both arising singly or in 
clusters (Fig. 11). Individual rhizoids can be unicellular or multicellular. These rhizoids 
result in the blades becoming strongly adherent to the substrate as well as mutually 
connate and entangled, such that attempting to dislodge them results in the blades being 
easily torn. Mature cells of the blades are variable but are typically elongate (Fig. 7), 
measuring 56-64 pm (range of 50-86 jm) in length and approximately 20-38 um in width. 
Adjacent cells are linked together by frequent secondary pit-connections, The cells contain 
numerous small discoid chloroplasts, scattered at the surfaces of the cell (Fig. 9). 


Reproductive structure 


Although vegetative thalli are usually closely attached to the substrate and 
become secondarily attached whenever and wherever blade margins come in contact with 
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Figs 1-5. Nitophyllum adhaerens. Fig. 1. A female thallus bearing a mature cystocarp and a pair of 


young post-fertilization stages. Figs 2-3. Spermatangial thalli. Figs 4-5. Portions of tetrasporangial 
thalli. 
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Figs 6-14. Nitophyllum adhaerens. Fig. 6. Growing margin of blade with dividing initials. Fig. 7. 
Mature cells of blade with pit-connections linking adjacent cells. Fig. 8. Cross-section of portion of 
blade. Fig. 9, Surface view of cells of blade, showing numerous small chloroplasts. Fig. 10. Tetras- 
porangial sorus. Fig. 11. Production of rhizoids from blade margin. Fig. 12. Immature procarp 
showing a pair of pericentral cells (p) associated with a fertile central cell (fe). Growing margin is 
toward top of page, Fig. 13. Examples of procarps, in which one pericentral cell has become a 
supporting cell (su) bearing a four-celled carpogonial branch (1,2,3,4) and a sterile-cell group (st), and 
the other pericentral cell is serving as a cover cell (c). Fig. 14. Individual carposporangia. 
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substrate or with self, reproductive organs are often borne on the non-attached terminal 
lobes of blades, Female thalli bear randomly scattered procarps and resultant cystocarps 
over the blade surface (Fig. 1). The pattern of development of the procarp is in conformity 
with that as shown in the genus by Kylin (1924) and more recently by Millar (1990). A 
fertile central cell cuts off a pair of pericentral cells to each surface of the blade (Fig. 12), 
Typically, a procarp is developed on only one side of the blade surface, the dorsal surface. 
The instance of the development of a procarp (ie, carpogonial branch and associated 
sterile cells) on both sides of a fertile central cell was observed. The pericentral cells are 
arranged such that an axis drawn through them lies perpendicular to the lon gitudinal axis 
of the thallus. One of these pericentral cells becomes the cover cell of the procarp; it may 
undergo subsequent cell divisions. The other pericentral cell serves to produce the four- 
celled carpogonial branch as well as a sterile cell (Fig. 13). Cystocarps are covered by a 
simple, ostolate, dome-shaped pericarp (Fig. 1). Mature pericarps measure 650-860 um in 
diameter. Carposporangia are produced terminally on a tuft of radiating gonimoblast 
filaments, The mature teardrop-shaped carposporangia (Fig. 14) are 56-86 pm in length 
and 32-42 um in diameter. 

Male thalli (Figs 2-3) produce spermatangial sori in circular to ovate patches 
usually located in terminal lobes or in the proximity of blade margins. These sori tend to 
be discrete and relatively small. 

Tetrasporangiate thalli (Figs 4-5) bear circular to ovate sori, typically singly in 
terminal lobes of the thallus. Occasionally two or three smaller discrete sori will be present 
in close proximity. The tetrasporangia are produced in several layers within the sorus 
(Fig. 10) and are released to both surfaces of the blade. The tetrasporangia are tetrahe- 
drally divided and measure 38-50 (-54) um at maturity, 


Nitophyllum adhaerens M. J. Wynne sp. nov. 


Nitophyllum cum laminis delicatis monostromaticis, venas destitutum, irregulariter vel 
dichotome ramosum vel lobatum, parva statura distinctum: 1.8-3.0 (-4.0) mm lata atque 
10-15 mm longa, rhizoidea marginalia saepe producens, habitum adhaerentem epiphyticum 
firme efficiens, et sori tetrasporangiferi atque spermatangiferi ad lobas terminales typice 
restricti. 
Diagnosis: Delicate monostromatic blades, lacking veins, irregularly or dichotomously 
branched or lobed, distinguished by its small stature: 1.8-3.0 (-4.0) mm broad and 10- 
15 mm long, the frequent production of marginal rhizoids, resulting in its firmly attached, 
epiphytic habit, and the restriction of the tetrasporangial and spermatangial sori typically 
to terminal lobes. 
Holotype: M.J. Wynne 9605 (herbarium specimen and mounted slides in MICH); male, 
female, and tetrasporic; 3-4 m depth, 24.v.1992, Bocana Reef off of Estacion Puerto 
Morelos, State of Quintana Roo, Mexico. 
Isotypes: slides deposited in MEL, PC, UC, US. 
Additional collections: MEXICO. State of Quintana Roo. Bocana Reef off of Estacion 
Puerto Morelos: 24.v.1992, M.J. Wynne 9671 (female, male, tetrasporic; epiphytic on 
Halimeda scabra and Jania adhaerens), M.J. Wynne 9686 (male, tetrasporic; epiphytic on 
Gracilaria sp.); Ojo de Agua, Puerto Morelos: 25.v.1992, M... Wynne 9696 (female; 1.5 m 
depth); coral reef 2 km north of Estacion Puerto Morelos: 26.v.1992, M.J. Wynne 9716 
(male; 2 m depth). 

PUERTO RICO, GREATER ANTILLES, North coast at Islote, near Are- 
ceibo: 12.vi.1991, D.L. Ballantine 4818 (18 m depth, SCUBA collection). Punta Aguje- 
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reada, Aguadilla: 13.vi.1991, D. L. Ballantine 4219 (18 m depth, SCUBA collection). Edge 
of insular shelf off Salinas: 9.xii.1983, D.L. Ballantine 1435 (tetrasporic; 32 m depth; on 
sponges), 

ST KITTS, LESSER ANTILLES. Half Moon Bay: 23.xi.1995, M.J. Wynne 
10456 (male; 2 m depth, epiphytic on Jania sp.). 

U. S. VIRGIN ISLANDS. Boiler Bay, St Croix: 18.i.1974, R. Steneck 11749 
(tetrasporic; on Caulerpa racemosa in drift; US 089371). 

BAHAMAS. Lee Stocking Island: i.1995, D.L. Ballantine 4964 (61 m depth). 

BERMUDA. The Spit, northeast of Little Head, St David Island (32° 22,4’ N, 
64° 38.5’ W): 19.vi.1985, CW. Schneider & R.B. Searles 85-23-20 (1-12 m depth). Jacks 
Flats, cast of St. George’s Island (32° 23.1’ N, 64° 38.0’ W): 7.viii.1983, C. W Schneider & 
R.B. Searles 83-8-9 (15-18.5 m depth). 


DISCUSSION 


Nitophyllum Greville, with about 30 recognized species, has a wide distribution 
in warm temperate to tropical seas of both Northern and Southern Hemispheres, In its 
currently more narrowly circumscribed definition (Kylin, 1956), Nitophyllum is characte- 
rized by a vegetative organization of blades that are typically delicate, undivided, lobed, or 
regularly or irregularly divided, with distal monostromatic portions and proximal polys- 
tromatic portions. A midrib and macroscopic or microscopic nerves are entirely absent. 
Growth takes place by means of many marginal initials undergoing oblique divisions, Its 
female reproductive organization consists of procarps (and resultant cystocarps) that have 
a randomly scattered arrangement over the entire blade surface. A fertile cell on a female 
blade produces two pericentral cells lying side by side (their axis is perpendicular to the 
long axis of the thallus), One of these pericentral cells serves as a cover cell (which can 
subsequently become divided) and the other becomes a supporting cell, giving rise to a 
four-celled carpogonial branch and one group of sterile cells. Carposporangia are produ- 
ced singly (terminally) on the tips of the gonimoblast filaments of the carposporophyte. 
The spermatangial and tetrasporangial sori also randomly scattered over blade surfaces of 
male and tetrasporangiate thalli, respectively. Many species had been assigned to Nito- 
phyllum when it was a broadly circumscribed genus (Agardh, 1876, 1898; DeToni, 1900; 
Lucas, 1926), but with a more narrow definition (Kylin, 1956) it came to include fewer 
species. Yet even now some of the species still placed in the genus need to be re-examined 
to determine if their placement is correct. 

Despite the more restricted circumscription of Nitophyllum, the species herein 
being described does conform in both its vegetative and reproductive characteristics to this 
genus. Nitophyllum punctatum, the lectotype of the genus, generally has a European-based 
distribution, occurring from Norway to Morocco as well as the Mediterranean, Black, and 
Aegean Seas (Feldmann, 1941; Funk, 1955; Ardré, 1970; Athanasiadis, 1987; Maggs & 
Hommersand, 1993). It has been reported to occur in India (Silva et al., 1996), the West 
Indies, Venezuela (Taylor, 1942), and Florida (Harvey, 1853; Woelkerling, 1976). 
Although Schneider & Searles (1991) excluded the occurrence of N. punctatum from the 
domain of their flora, ranging from North Carolina to northern Florida, Phycotheca 
Boreali-Americana no. 747 [“Nitophyllum punctatum var. ocellatum (Lamour.) J. Ag.”] 
from both Indian River Inlet, which is north of Cape Canaveral, and Jupiter Inlet, 
Florida, appears to be genuine N. punctatum. Thalli of N. punctatum are very thin, erect 
blades, often reaching 50 cm in height, usually regularly dichotomously branched and 
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possibly deeply cleft into two or several principal segments (Harvey, 1847, pls 102 & 
103; Hiscock, 1986; Maggs & Hommersand, 1993). Tetrasporangial sori have a scattered 
arrangement over both blade surfaces; the sori typically have an elliptical or elongate 
outline, The much larger size of the thalli, their erect habit, and the general distri- 
bution and shape of the tetrasporangial sori distinguish N. punctatum from N. adhae- 
rens. 

The species in the flora of the tropical-subtropical western Atlantic that bears 
some resemblance to the new species is Nitophyllum wilkinsoniae Collins & Hervey (1917). 
Phycotheca Boreali-Americana no. 2037 is regarded as syntype material. Earlier thought 
as an endemic to Bermuda (Howe, 1918; Taylor, 1960), N. wilkinsoniae has been reported 
to occur in Venezuela (Ganesan, 1983) and Florida (Hanisak & Blair, 1988), whereas 
reports attributed to this species from North and South Carolina (Wiseman & Schneider, 
1976) were later identified as Myriogramme distromatica Boudouresque [see below]. Thalli 
of N. wilkinsoniae reach a larger size (to 10 em in height) than in N. adhaerens, and 
individual blades can be up to 10 mm wide; they are essentially erect, although densely 
tufted. The margins of the blades are densely beset with small ciliform teeth (Collins & 
Hervey, 1917) or sparingly erose-dentate (Taylor, 1960). 

A “Nitophyllum sp.”, reported from a 74 m depth off the west coast of Barbados 
(Macintyre er al., 1991), remains to be examined. It was not fertile. Bula Meyer (1986) 
reported a “Nitophyllum sp.” from the Caribbean coast of Colombia, which he also 
tentatively regarded as N. marmoratum Rodriguez, a species known only from the Medi- 
terranean, Nitophyllum marmoratum is a monostromatic blade with a deeply lobed, entire 
margin, attached by a single conspicuous stipe, The presence of microscopic veins and of 
many small discrete tetrasporangial sori scattered over the blade surface clearly separate it 
from N. adhaerens (Rodriguez, 1889). 

Funk (1955) described two new species of Nitophyllum from the Bay of Naples, 
N. micropunctatum and N. rotundum. The former species, occurring usually at depths of 
10-30 m but also at only 0.5 m depth, was described as showing a superficial similarity to 
N. punctatum but with a more elegant organization and larger-sized cells. It displayed a 
very bright iridescence, and its chloroplasts were arranged in chains. Tetraspora ngial sori 
were small, each containing just a few tetrasporangia. Nitophyllum rotundum, on the other 
hand, was described on the basis of fragments of thallus, $ cm long and equally broad, 
with relatively large cells. Male thalli were the only reproductive stages observed, and the 
sori were intermixed with vegetative cells such that the sori appeared to overlap. The fact 
that this species was collected from a depth of approximately 50 m was regarded as an 
additional distinction. Clearly, N. adhaerens is separable from these two Mediterranean 
species. 

Nitophyllum marginale (Kütz.) J. Agardh (1876), first described as Aglaophyllum 
marginale by Kützing (1869) from Ceylon (= Sri Lanka), shares some similarities to the 
new species, such as its habit of delicate, dichotomously branched, deeply lobed blades. 
But the blade margins in N. marginale bear conspicuous teeth, and the cystocarps also are 
borne from the blade margins. According to Krishnamurthy & Varadarajan (1991), thalli 
of N. marginale reach 8-10 cm in height and have blade lobes 2-3 cm in breadth, 
dimensions much greater than those in N. adhaerens. 

In Cribb’s (1983) report of Nitophyllum tongatense Grunow (1874) from the 
Great Barrier Reef, he depicted a small (2. cm long) membranous alga with a prostrate or 
subprostrate habit, resembling N. adhaerens in many of its features. Mature blades of N. 
tongatense, however, becomes three cell layers in thickness, which is not true of the blades 
of the new species. In a paper on the iridescence displayed by material of N. tongatense 
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from Sri Lanka, Svedelius (1909) described the cells as containing a small number of 
deeply lobed plates or bands. 

Nitophyllum delicatum, which was described by Millar (1990) from the vicinity 
of Coffs Harbour, New South Wales, Australia, is a flabellate, membranous plant, to 6 cm 
in height, irregularly branched or lobed, the lobes being deeply rounded, and with a sessile 
attachment or with a cartilaginous stipe. Although upper portions of the blades are 
monostromatic, basal portions become considerably thicker. 

In turning our attention to other members of the Delesseriaceae in this same 
geographical region with which the new species might show some resemblance, we should 
consider Myriogramme distromatica Boudouresque (1971), an alga which had been first 
noticed from the western Mediterranean (with the manuscript name Nitophyllum distro- 
maticum) by J. J. Rodriguez, Schneider & Searles (1991) reported it from deep-water 
collections from both North and South Carolina and indicated that it had been initially 
mis-identified as Nitophyllum wilkinsoniae (Wiseman & Schneider, 1976). The small size of 
the blades (to 1.5 cm long in the Mediterranean material and to 3.5 cm long in the 
Carolinian material), their lack of veins, and their creeping habit are shared features with 
N. adhaerens, But other features easily distinguish M. distromatica, such as the distromatic 
nature of the blades and their dorsiventrality, the production of rhizoids from the ventral 
surface, and the presence of a single lobed chloroplast in each cell (in contrast to numerous 
small discoid chloroplasts in N. adhaerens). The fact that reproductive specimens have yet 
to be discovered makes the generic placement of M. distromatica equivocal. Also, the 
cytological features would indicate that it bears no relationship to either Nitophyllum or 
Myriogramme (Maggs & Hommersand, 1993). 

Myriogramme prostrata (E.Y.Dawson et al.) M.J. Wynne has been reported from 
Caribbean Costa Rica (Wynne, 1990) in addition to its original location of Baja Califor- 
nia, Pacific Mexico (Dawson et al., 1960). Its prostrate habit, production of many rhizoids 
from blade margins, and the marginal location of tetrasporangial sori are similarities with 
Nitophyllum adhaerens. The presence of conspicuous marginal teeth, with transversely 
dividing apical cells, present in M. prostrata serve to distinguish it from N. adhaerens. 

Because of its often creeping and entangled habit, Haraldia lenormandii (Derbès 
& Solier) Feldmann is another Delesseriacean that might be confused with Nitophyllum 
adhaerens, The distribution of H. lenormandii is now known to include Bermuda and off 
shore Georgia (Wynne, 1990). Thalli of H. lenormandii are delicate monostromatic blades 
and grow usually attached or entangled with other algae, growing over their hosts and 
becoming sessile by producing marginal rhizoids and denticulations strongly anchoring 
them to the substrate. Veins and nerves are entirely lacking. Haraldia can be easily 
distinguished from Nitophyllum by its growth from a single transversely dividing apical ceil 
and the production of both tetrasporangial and spermatangial sori that occupy a median 
location on the blade (Feldmann, 1939). These sori may remain discrete or become 
coalesced into a more or less continuous median sorus (Wynne, 1990). 

Drachiella minuta (Kylin) Mages & Hommersand is another delesseriacean 
species with some resemblance to Nitophyllum adhaerens primarily because of its small 
stature and growth by means of marginal initials. This species, earlier known as Myrio- 
gramme minuta Kylin (1924), was transferred to Drachiella by Maggs & Hommersand 
(1993) primarily on the basis of its distinctive cytology. Magne (1957) observed that the 
single chloroplast per cell in this species results from the fusion of several chloroplasts, 
which was the first such demonstration of this occurring in the Rhodophyta. The condi- 


tion of numerous small chloroplasts in each cell of N. adhaerens easily separates it from 
Drachiella. 
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Myriogramme carnea (Rodriguez) Kylin, which was originally described by 
Rodriguez (1889) from Menorca in the western Mediterranean, has been reported from 
the Great Barrier Reef by Cribb (1983). Cribb’s description of this species, as being 
membranous, prostrate or subprostrate, to 1.5 cm long, irregularly subpalmately to 
dichotomously lobed or branched and being one cell thick throughout are features very 
much reminscent of Nitophyllum adhaerens. Cribb refers to this Australian alga as being 
attached by multicellular rhizoids here and there on undersurface and margins. Rhizoids 
are produced from the margins in N. adhaerens, although their production from the 
undersurface of the blade has not been observed to occur. When one checks Rodriguez’ 
(1889, as N. carneum) original account of this species, one sees that his alga was an erect 
bladed alga with a pronounced simple or bifurcate stipe. Mature thalli reached 4 to 9 cm 
in height, and Rodriguez stressed the fact that the blade showed rigidity, such that a 
specimen, when held by its stipe, remained erect without bending from its weight. This 
original account of M. carnea depicts an alga very different from both N. adhaerens and 
the alga portrayed as M. carnea by Cribb (1983). 

There are some similarities between Nitophyllum adhaerens and Myriogramme 
goaensis, which was described from Goa, India, by Krishnamurthy & Varadarajan (1990; 
validated in Krishnamurthy, 1992) in regard the small size of the blades, the absence of any 
veins, and the production of tufts of rhizoids from the blade margins. The mature thallus 
in the Indian alga, however, is three cells in thickness, and the blade margins have teeth-like 
projections terminated by transversely dividing apical cells, both features not occurringin 
N. adhaerens. 

A small bladed alga from the Mediterranean was depicted by Coppejans (1983) 
as“ Myriogramme unistromatica sp. nov. ined.” Tts veinless, monostromatic blades, growth 
by marginal obliquely dividing initials, and formation of rhizoids from the blade margin 
are shared features with Nitophyllum adhaerens. But the pattern of distribution shown in 
both the spermatangial and tetrasporangial sori and the presence of a single lobed 
chloroplast in each cell clearly separate this undescribed Mediterranean taxon from N. 
adhaerens. 
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